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DURING FETAL LIFE the incomplete expansion of the lungs produces a high 
resistance to blood flow in the pulmonary vascular bed. It is necessary, there- 
fore, to have a compensatory mechanism whereby blood can be short-circuited 

3 around the lungs. Nature provides this shunt in the form of the ductus 
arteriosus which diverts blood from the pulmonary artery directly into the 
aorta. When the fetus is born and the lungs expand, the ductus normally 
closes and all of the blood passes through the lung bed to be aerated. If 
this vessel fails to close, a reversal of flow takes place within the ductus be- 
cause pulmonary artery pressure is reduced and aortic pressure is increased. 
Blood then passes from the aortic arch into the lesser circulation (Fig. 1) 
and the patient possesses what is essentially an arteriovenous aneurysm (Hol- 
man!*), 

There is considerable difference of opinion regarding the time when the 
ductus Botalli ceases to function. Patten*° has pointed out that degenera- 
tive intimal changes begin in the latter part of fetal life, and it is his concept 
that increasing amounts of blood flow through the lungs even before birth. 
The histologic findings in the closing ductus resemble those of endarteritis 
obliterans, according to Schaeffer’s** studies, and the diminution in size of 

the vessel is a gradual process requiring many weeks before occlusion is com- 

o 


D pleted (Scammon and Norris**). Christie? studied a large series of routine 


postmortem specimens from babies to determine the time at which the ductus 

was normally obliterated. As older and older subjects were examined, the 
number of open ducti diminished to 44 per cent at one month, 12 per cent at 

Fj two months, and 2 per cent at eight months of age (Chart 1). Following 
q this, there was a small group of individuals in whom the vessel remained 
open permanently. At what age, then, can the persistence of the vessel be 
considered as pathologic? Arbitrarily, we might say that the ductus Botalli 

which is still open after the first year of life should be regarded as abnormal. 

The child or youth who possesses a patent ductus faces an uncertain future. 

He may live in relatively good health till old age, or his life might be quickly 


terminated by some complication arising from his long existing lesion. Like 
* Read before the American Surgical Association, Hot Springs, Va., May 11, 12, 13, 


1949. 
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Damocles, he leads a precarious existence, never knowing when he might 
be cut down by the danger which menaces him. The causes of death in 
these individuals may be listed as rupture of the ductus, thrombosis of the 

























ductus with subsequent embolism, bacterial endocarditis or endarteritis, and 
cardiac decompensation resulting from the arteriovenous communication. 

In 1907, Munro’ first suggested that the surgeon might undertake the 
task of obliterating the ductus by operative means. So far as I am aware, 
O’Shaughnessy~* and Strieder® have been the only ones to attempt perform- 
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Fic. 1.—Drawing of heart and great vessels from a four-weeks- 
old child showing position of the ductus arteriosus and its com 
munications with the pulmonary artery and aorta. The left recurrent 
laryngeal nerve curves around the aortic arch lateral and posterior 
to the ductus. The superficial cardiac plexus which lies between 
the arch and pulmonary artery is joined by small nerves from the 
vagus and cervical sympathetics which lie in front of the arch and 
medial to the ductus. 
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successfully operated upon. There is much to be learned concerning the best 
method of obliterating the ductus, but the work here presented amply demon- 
strates that the ductus can be explored with safety and that it can be ligated 
in most instances without mortality. The degree of success thus far en- 
countered makes it important to recognize these patients—and not merely 
classify and treat them as “congenital heart disease’”—because in properly 
selected cases surgical therapy has much to offer. 

Etiology of the Persistent Ductus Arteriosus—The embryonic shunt be- 
tween the pulmonary artery and the aortic arch may persist into postnatal 
life as a compensatory mechanism. Thus, if there is obstruction at the aortic 
valve from bicuspid or stenotic leaflets, or if there is coarctation of the aortic 
arch, the ductus may remain open and allow blood to escape from the pul- 
monary artery to the aorta. Such a combination is rare, and when it does 
occur it is necessarily accompanied by some degree of cyanosis. A second 
compensatory mechanism is concerned with stenosis or atresia of the pul- 
monary valve or hypoplasia of the pulmonary artery, wherein the direction 
of blood flow through the ductus must be from aorta to pulmonary artery. 
In this latter type of case there are usually other associated anomalies, the 
most frequently encountered combination being the tetralogy of Fallot in 
which there are stenosis of the pulmonary valve, a defect of the interventricu- 
lar septum, hypertrophy of the right ventricle, and a right-sided aorta. 

While it is true that the open ductus may often represent a compensatory 
mechanism, it may also exist without any other abnormality. In a series of 
242 cases reviewed and studied by Abbott,’ there were 92 hearts in which 
there were no other cardiovascular lesions. In short, about two-thirds of 
patients with a patent ductus have some other abnormality and about one- 
third of them have no other pathologic finding. 

In those cases in which the open ductus is the sole lesion, there is no ade- 
quate explanation for the continued patency of the vessel. There are, how- 
ever, three things which must be considered as possible etiologic factors. The 
first of these is concerned with the anatomic position and direction of the 
vessel. If one examines postmortem material of infants who have died in 
the first few months of life, the ductus, or its obliterated remnant, sweeps 
backward and to the left with a gradual curve to run alongside the aorta and 
hen to enter it at a rather acute angle. The nature of this angle of entrance 
into the aortic arch in the fetus obviously has the function of directing the 
oxygen-deficient blood from the right ventricle downward in the aorta so 


that it might be distributed to the hypogastric arteries and thence to the 
placental circulation. The sharpness of this angle must serve another pur- 


pose, namely, to help obliterate the ductus in postnatal life. At birth, when 
the lungs expand and the blood flow through them increases, a diminishing 
amount of blood is forced from the pulmonary artery into the ductus. When 
this state of affairs obtains, the arterial blood rushing around and down the 
aortic arch must now have somewhat of a sucking action on the ductus which 
eniers it so acutely. This sucking action would tend to collapse the vessel. 
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If, however, the ductus joins the arch at a more obtuse angle or at a right 
angle, the lumen of the ductus will be subjected directly to the high pressure 
existing in the aortic arch, and the ductus will thereby be kept distended. 
Thus, it is probably correct to believe that the principal reason for persistence 
of a ductus is due to its anomalous position and direction. This idea is cer- 
tainly sustained by the observations in all four of the cases here reported. 

A second possible factor which might contribute to the persistency of a 
ductus is some defect in its wall. This deficiency may concern the internal 
elastic membrane, the elastic tissue of the media, or even the smooth muscula 
ture. Such deficiencies of the ductal wall would allow the vessel to distend 
under low internal luminal pressures which would not distend a vessel pos 
sessing normal elasticity. Such a consideration is hypothetic, for there is no 
published account of histologic examination of the wall of persistent ducti as 
compared with those which are normally closing in the first or second month 
of infancy. It is certainly true that a thin, inelastic wall is not seen in all 
cases of persistent ductus, but in one patient (Case 2) the vessel wall was as 
thin as a vein. That a thin or deficient wall might be a factor in persistency 
in some instances is also supported by those cases in which the ductus has 
actually dilated to aneurysmal proportions. 

The third factor concerned with the persistency of the ductus 1s related 
to its neuromuscular control. The smooth muscle fibers in the ductal wall 
of some animals have been shown to be under vagus nerve control. Barclay, 
Barcroft, Barron, and Franklin? have injected radiopaque substances into 
the vascular systems of lambs delivered by cesarean section and have observed 
the ductus roentgenologically. It was their belief that the ductus underwent 
a “functional closure’ within a few minutes after birth. However, subsequent 
autopsy upon such an animal showed the ductus to be still morphologically 
open. The only way to correlate these findings was to assume that the ductus 


} 


was functionally closed during life by a neuromuscular mechanism which, of 
course, would not be operative after death. It is not reasonable to assume 
that the ductus is held in a state of obliteration throughout the newborn period 
by smooth muscle contraction alone. However, it is probably true that con- 
tractions assist in the closure of a ductus and that a deficiency in the neuro- 
muscular apparatus would tend to make morphologic obliteration more 
difficult. 

Pathologic Anatomy.—The length and diameter of the ductus, as well as 
the thickness of its wall, have considerable bearing on the possibilities of sur 
gically ligating it. Unfortunately, the literature gives but scanty account of 
desired anatomic facts. In most instances the internal diameter of the lumen 
is about all that is listed. The following descriptions are gleaned from diverse 
sources and represent statements from various authors, postmortem observa- 
tions we have made ourselves, and further findings observed in four operative 
cases. 

The size of the ductus cross-section is variable. An internal diameter 
3 to 4 Mm. is not uncommon, but in many cases this may be as much as 6 
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to 8 Mm. or more. In one autopsy specimen I have seen, from a man dying 
at 17 years of age, the ductus was 7 Mm. in diameter in its postmortem state, 
and, of course, may have been larger when distended during life. In the four 
cases operated upon, the external diameters of the ducti were 8, 12, 7 and 8 
Mm. in individuals who were seven, I1, seven, and 17 years old, respectively. 
In general, it has been my experience that the ductus was about the same size 
as the left subclavian artery as it left the aortic arch, but in Case 2 it was con- 
siderably larger than this vessel. 

The length of the ductus is of great importance, for, if the vessel is very 
short, dissection between the aortic arch and pulmonary artery may be impos- 
sible. In some adults!® the ductus is so short that a direct communication 
exists between pulmonary artery and aorta—an anatomic arrangement which 
would make it practically impossible to close the shunt. In newly born in- 
fants the ductus is usually 1 to 1.5 cm. long. In the four operative cases 
neither of these extremes was found, the length of these vessels being 5, 12, 7 
and 5 Mm. respectively. In each of these cases, the first appearance at opera- 
tive exposure suggested that there was a direct opening from aorta to pul- 
monary artery, but on careful and slow dissection of fatty and areolar tissue 
the aorta and pulmonary artery could be separated so as to bring into view 
a ductus which was long enough to ligate. 

The thickness of the ductal wall varies. It is gathered from autopsy de- 
scriptions that the vessel is usually about as thick as an artery of similar size. 
In Cases 1, 3 and 4 this appeared to be so, but making this assumption in Case 
2 nearly led to a fatality. In this latter operation, dissection was begun be- 
lieving that the ductal wall would stand considerable manipulation, only to 
find that it suddenly tore and copious hemorrhage ensued. The torn wall 
was then seen to have the consistency and thickness of a vein. This possi- 
bility must be remembered when handling the vessel during life. 

The swirling and impinging of blood currents against the pulmonary artery 
wall over a period of years eventually leads to intimal thickening, cholesterol 
deposition, and formation of typical atheromatous plaques. These changes are 
primarily found around the pulmonic orifice of the ductus and also on the wall 
opposite to the opening of the ductus. It is at these sites of intimal damage 
that subsequent bacterial endarteritis is apt to begin. Matusoff'® and Schlaep- 
ter*? have summarized the postmortem findings in cases of patent ductus 
arteriosus with infective pulmonary endarteritis. 

Prognosis.—It is largely conjecture to estimate the prognosis for a given 
individual. Statistics taken from the literature give a false idea of the life 
expectancy, due to the fact that patients dying of some other cause are apt to 

unrecorded, whereas individuals dying from complications of a patent duc- 
tus are more likely to be reported. Therefore, a summary of the literature 
gives a more serious outlook than the lesion probably warrants. 

Cardiologists, with any breadth of experience, have examined and cared 

adults who have patent ducti and yet lead rather normal lives. There is 
a veneral feeling that more of these cases are seen in childhood or adolescence 
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than are encountered in the latter half of life. One of two things must happen. 
Either these people grow up and die of their lesion after having been lost 
sight of, or else they have spontaneous closure of the ductus during middle 
life. Which of these interpretations is correct is difficult to say, but the net 
result is that many clinicians have developed the belief that the patent ductus 
carries a fairly good prognosis. 

Opposed to this preceding, rather optimistic view, one finds a darker side 
when reviewing the literature on the subject. Numerous case reports are 
encountered describing patients who were known to have a patent ductus with- 
out apparent disability throughout adolescence, but who then died of decom- 
pensation or subacute bacterial endocarditis.’® 71°" There is no apparent 
method of computing the prognosis because the number of people with patent 
ducti is too small for adequate study. In all probability, the truth lies some- 
where between the optimistic and the pessimistic point of view. 

Abbott! has listed 92 patients with autopsy proof of a persistent ductus 
without other demonstrable cardiovascular anomaly. Twenty-eight of these 
died of subacute bacterial endocarditis, 24 died of slow cardiac decompensa- 
tion, and 16 died of rather sudden cardiac failure. Two died of rupture of 
the ductus. The remainder died of causes unrelated to the circulatory sys- 
tem. In this series, then, the incidence of death from endarteritis or endo- 
carditis was 30 per cent and the incidence of cardiac decompensation was 43 
per cent. The average age of death was 24 years. 

The complications attendant to the presence of a patent ductus may be 
summarized as fourfold: First, the existing shunt diverts sufficient blood from 
the aortic circuit so that the peripheral blood flow is deficient, and the growing 
child is thereby deprived of proper nutrition. Second, in rare cases a thinned- 
out ductal wall may dilate® and rupture.’* Third, the presence of this vascu- 
lar abnormality carries with it a high danger of subacute endocardial infection 
from the Streptococcus viridans or acute vegetative endocarditis from other 
organisms. Fourth, the shunt from the aorta to the pulmonary artery places 
a great burden on the heart by enormously increasing the total amount of 
blood which the left ventricle must put out per minute and by increasing the 
resistance against which the right ventricle must pump blood. The cardiac 
reserve is thereby reduced and myocardial failure may supervene after one or 
two decades. 

Clinical Signs and Symptoms.—About two-thirds of the patients are 
females. A retardation in physical development is extremely common. Men- 
tal development, however, is usually good. The clinical course with an un- 
complicated patent ductus may show little variation from the normal or 
there may be findings of a profound cardiovascular abnormality.1% The gen- 
eral run of cases develop but slight cardiac embarrassment in the early years of 
life. Physical activity is only slightly limited throughout childhood and adoles- 
cence, but these youngsters often notice that they tire more easily and be- 
come more dyspneic than confreres of their own age or size. Epistaxis may 
be profuse, particularly in children four to eight years of age. These patients 
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are usually conscious of a greatly intensified heart beat which is particularly 
exaggerated by exercise. A “buzz” or “burr” or “hum” in the chest is fre- 
quently spontaneously noticed by the individual. At times the mother will 
volunteer the information that she feels a “buzz” (as she calls the thrill) when 
dressing, bathing, or otherwise attending her child. 

In contrast to this above described rather mild and attenuated course, oc- 
casional patients give symptoms of early cardiac embarrassment as is typified 
in Case 4. This girl experienced little difficulty until the fifth or sixth year 
of life when there was marked cardiac disability for which she was institu- 
tionalized for half a year. She then regained compensation and progressed 
fairly well until high school age. With the increased activity demanded by 
this stage of schooling, periods of semi-invalidism occurred during which she 
had edema of the legs, cough, some orthopnea, and occasional nocturnal 
dyspnea leading to a restricted or bedridden existence for two or three months 
at a time. 

The physical manifestations of a patent ductus may be entirely wanting in 
infancy, are apt to be confusing in the first two or three years of life, but are 
almost always typical after the fourth year. In the first year there may be 
no murmur, thrill, or cardiac enlargement. In the second and third years 
some cases show only mild cardiac enlargement and a systolic murmur which 
is loudest at the base. At this stage one is usually not justified in making a 
more accurate diagnosis than “congenital heart disease.” By the third or 
fourth year the murmur becomes continuous, develops a “machinery” char- 
acter, is accentuated during systole, is loudest in the pulmonic area, and be- 
comes accompanied by a systolic or continuous thrill. This progression of 
signs takes place with varying rapidity, requiring a year in some cases or 
several years in other individuals. 

3y the fourth or fifth year the fully developed picture of a patent ductus 
is ‘present and may be described as follows: The heart action is extremely 
forceful and overactive and the rate may be increased. There is a loud, rough, 
continuous murmur with systolic accentuation, heard best in the second or 
third interspace to the left of the sternum. The quality of this murmur has 
been described as sounding like “machinery,” “train in a tunnel,” “mill 
wheel” or “rumbling thunder.’”’ The murmur is transmitted widely over the 
precordium with only slight diminution, but its quality may be somewhat 
changed toward the apex. The entire murmur, or only its systolic element, is 
transmitted to the back, to both axillae—particularly the left—with rather 
loud intensity, but it is heard only faintly in the neck. There is almost always 
a precordial thrill which is either systolic or continuous and which is most in- 


nse in the pulmonic region. The second sound at the pulmonic area is 
greatly increased and has a snapping quality. Cardiac enlargement may pos- 
sibly be made out by percussion. The systolic blood pressure is within the 

rmal range. Bohn’ pointed out that the diastolic level is low (when the 
ductus is large enough) so that these individuals have a high pulse pressure 
similar to that seen in regurgitation at the aortic valve. With this high pulse 
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pressure there is a collapsing type of pulse, possibly a “pistol shot” sound 
over the large leg and arm arteries, and a visible capillary pulsation in the skin 
or nail beds. One of the interesting features about the low diastolic pressure 
is the fact that it becomes lower still during exercise (in contrast to the 
normal rise during physical exertion). 

In rare cases there may be changes in the voice. Schrotter?® described one 
patient in whom laryngeal examination showed the left vocal cord completely 
immovable, but no abnormality was made out on the right. The voice was 
clear. A huge ductus was pressing on the left recurrent laryngeal nerve. 

Roentgenologic and Laboratory Findings.—Roentgenologic examination 
of the heart is usually not necessary to make the correct diagnosis, but it does 
offer confirmatory evidence in most cases. Wessler and Bass** early em- 
phasized the importance of roentgenography as a diagnostic aid. In the first 
year or two of life the picture may be distinctly confusing and contribute little. 
During this period there may be nothing more than slight cardiac enlarge- 
ment with a rather globular shape to the organ in the anteroposterior view. 
After the third or fourth year, however, the roentgenologic findings are apt 
to be typical in the uncomplicated case. There is mild or moderate cardiac 
enlargement, particularly of the left ventricle. The pulmonary artery (often 
incorrectly called the pulmonary “conus’’) is more prominent than normal, 
though there are recorded instances in which this was not found. In all 
four of our patients this vessel was regarded as protruding unduly toward the 
left (Figs. 4,9, 11 and 16). The lung fields have increased markings due to 
the vascular congestion in the lesser circulation. Fluoroscopically, the heart 
shows a very forceful action and there is increased pulsation in the dilated 
pulmonary artery. The increased pressure in the smaller pulmonary arteries 
throughout the lung fields may impart to them a pulsation which is seen as a 
“hilar dance.” This, however, may be quite hard to detect. 

In two of our patients there has been an interesting finding in regard to 
the size of the left auricle. In Case 3, this chamber was distinctly enlarged 
in the right oblique view. This posterior enlargement of the left auricle in a 
young child was at first believed to be due to an associated interauricular 
septal defect. We are now forced to believe that this thin-walled chamber 
can dilate in the presence of a patent ductus because of the enormous amount 
of additional blood which enters the pulmonary circuit from the aorta, and 
which must circulate through the left auricle. The correctness of this tenet 
was strikingly substantiated by the findings in Case 4, in which the dilatation 
of the left auricle led to the belief that an associated mitral stenosis was pres 
ent. Here again there was a striking diminution in size of the left auricle after 
surgical obliteration of the ductus. (The cause for this dilatation may be ap- 
preciated by the fact that blood flow studies on Case 4 showed that 5.8 liters 
of blood per minute were passing through the right auricle and ventricle- 
an essentially normal figure—but concurrently, 24.6 liters were flowin; 
through the left auricle and ventricle. Under these circumstances there i 
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some dilatation of the thick-walled left ventricle and a marked dilatation of the 
thin left auricle. ) 

In one case we attempted to outline the interior of the cardiac chambers 
by injection of radiopaque media into an arm vein. While the studies in this 
case were not entirely satisfactory, the observations were of value in that no 
other intracardiac pathology was demonstrated. This examination is useful 
in order to rule out other associated lesions such as septal defect, pulmonary 
stenosis, or hypoplasia of the aortic arch. 

The electrocardiographic tracings are reported as demonstrating left axis 
deviation when the work of the left ventricle is great, or right axis deviation 
when the right auricle must pump blood against an increased pulmonic artery 
pressure. While both of these findings are possible, none of our cases showed 
axis deviation (Graph I), and we have come to look upon an abnormal 
electrocardiogram as possibly indicating some other associated malformation. 
While the EKG. is of little aid in making the diagnosis, it is of some use in 
ruling out the presence of other abnormalities such as pulmonic stenosis or 
atresia. 

Compensatory polycythemia does not occur to any important degree and 
it is rare for the erythrocyte count to be over five or five and one-half million. 
Blood volume studies have not been extensively performed, but the available 
data indicate that there is moderate increase in the cellular and plasma ele- 
ments of the blood. In Case 4 the blood volume was 3,950 cc. as compared 
to an expected normal of 3,200 cc. for this age and size. The circulation time 
from arm vein to tongue is normal or prolonged. 

Criteria in Selection of Cases for Operation —lIn reviewing a number of 
cases from the Cardiac Clinics of the Children’s Hospital and the Peter Bent 
Brigham Hospital, we have formulated certain criteria for the selection of 
cases 1n which operative intervention is to be proposed. An increased ex- 
perience will probably alter our views somewhat, but for the present the fol- 
lowing considerations must be made in evaluating a given case for possible 
surgical therapy. 

Providing the diagnosis of patent ductus is reasonably established, it is 
essential to rule out other associated conditions, the nature of which would 
make it dangerous to close the ductus. Such lesions would be stenosis of the 
aortic valve, hypoplasia or coarctation of the aortic arch, stenosis or atresia of 
the pulmonary valve, and bacterial endocarditis. Any one of these is a definite 
contraindication to operation. Systolic or diastolic murmurs over the aortic 
area which do not appear to be transmitted from the pulmonic area are highly 
uggestive of aortic stenosis or insufficiency, particularly if accompanied by 
a left axis deviation in the electrocardiogram. Hypoplasia of the aortic arch 
n be excluded by proper fluoroscopic examination. Coarctation will show a 


lower blood pressure in the legs than in the arms, the reverse of normal. 


tenosis of the pulmonic valve may be exceedingly difficult to diagnose because 
‘murmurs arising from it are almost identical with those originating from 
‘ductus. However, the patient with an uncomplicated patent ductus has 
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a loud snapping second pulmonic sound due to the increased pressure within 
the pulmonary artery, whereas the pulmonic second sound will be absent or 
diminished if there is an abnormality of the valve. Furthermore, pulmonic 
stenosis is practically always accompanied by some right-sided hypertrophy in 
the roentgenogram, by right axis deviation in the electrocardiogram, and by 
cyanosis due to a right-left shunt of blood through a septal defect. Subacute 
bacterial endocarditis must be regarded as a contraindication to operation 
because the friable vegetations around the ductal opening will almost certainly 
be dislodged and result in embolism or a more severe bacteriemia. 

There are several lesions, the presence of which do not necessarily imply 
that operation should be abandoned. The postoperative results following liga- 
tion of a ductus, when there is an associated septal opening or a mild mitral 
(rheumatic) stenosis, will not be as satisfactory as those obtained when the 
ductus is the sole lesion. However, a heart which is laboring because of two 
defects can be improved if one of these is removed. For this reason, we do 
not regard a septal defect as a contraindication to operation. Likewise, in 
Case 4 the possibility of a superimposed rheumatic mitral stenosis was raised, 
but closure of the ductus was recommended. 

Confining ourselves now to those cases with a patent ductus and no other 
demonstrable cardiovascular lesion, the question arises whether all such in- 
dividuals should be operated upon. The answer is decidedly, “No!’ There 
are without doubt some individuals who have a patency of the ductus in in- 
fancy or early childhood and who have later findings indicating that this 
arterial shunt is spontaneously closing itself. Hence this individual should 
be left alone and natural processes permitted to continue in the reduction of 
size or ultimate obliteration of the vessel. When such a person is followed 
over a period of years, the murmurs have a decreasing intensity, lose their 
harshness, and may disappear from the diastolic phase of the cardiac cycle. 
The thrill, likewise, diminishes in intensity and may change from a con- 
tinuous one to a systolic type. The heart is not enlarged, even though there 
may be a fulness of the pulmonary artery. The heart is able to maintain ade- 
quate peripheral circulation as is indicated by a normal diastolic pressure. 
In such children we feel that dangers of operation are not warranted when 
the ductal size is either stationary or is diminishing. In contrast to this, there 
are other patients in whom the clinical signs point to the fact that the ductus is 
actually becoming larger or that there are early signs of cardiac embarrass 
ment. When once this trend of affairs is recognized it is reasonable and 
desirable to propose operation. 

The positive criteria for selection of cases for operation may then be 
enumerated as follows: (1) There must be reasonable assurance that the 
ductus is patent as is determined by a loud, continuous, machinery murmur 
in the pulmonic area accompanied by an increased second pulmonic sound 
and a systolic or continuous thrill which is most intense in the pulmoni: 
region. (2) There should be evidence of congestion in the lung fields by 
roentgenologic examination. (3) There should be a prominence of the pul 
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monary artery roentgenologically—though some cases have been reported in 
which this has been absent. (4) There should be roentgenologic evidence of 
cardiac enlargement, particularly in the region of the left ventricle. (5) There 
should be a peripheral blood pressure which has an essentially normal systolic 
level, but a definitely lowered diastolic level. In short, one should have an 
indication that the ductus is enlarging, that the individual is not developing 
properly, that the danger of bacterial endarteritis is high, or that the heart 1s 
carrying an increased burden. 

The Operative Exposure and Obliteration of the Ductus Arteriosus.— 
The ductus can be exposed by an anterior, transmediastinal route, opening 
through the sternum and viewing the great vessels very much as one does for 
pulmonary embolectomy. ‘There is little to recommend this approach, for the 
opening in the chest wall is relatively small and the operator would be work- 
ing in the bottom of a deep, narrow hole. With such limited exposure it 
would be exceedingly difficult to carry out any adequate dissection between 
the aorta and pulmonary artery and to control any bleeding which might be 
encountered. Furthermore, there would be great danger of injuring the super- 
ficial cardiac plexus and the left recurrent laryngeal nerve. In favor of the 
transmediastinal approach is the fact that the lungs are not collapsed, but in 
view of general experience with the innocuousness of temporary collapse this 
advantage cannot be regarded as important. 

At the beginning of the present work it was necessary to devise a method 
by which the ductus region could be exposed adequately, safely, and without 
great shock. After examining a number of human cadavers, it was apparent 
that the aortic arch and pulmonary artery could be approached better from 
the left side than from the front of the chest. Making use of these observa- 
tions, experimentation was then performed on living dogs, and it was found 
that an admirable view of the ductus was obtained by entering the thorax 
through the left pleural cavity and temporarily collapsing the lung during 
the operation. This operative approach has been treated more fully in another 
publication (Gross') and, as it applies to the human, it may be described as 
follows: 

The patient is placed on his back, with the left arm extended up along the 
head and with a small sandbag beneath the left shoulder so as to elevate the 
upper portion of the left side of the chest. A transverse incision, slightly 
concave toward the patient's head, is made either just above or below the 
breast tissue, from the sternal margin to the anterior axillary line. This is 
carried down through the subcutaneous tissues, the pectoralis fascia, and the 
fibers of pectoral major and minor muscles. (While this incision has been 
employed in all the cases here reported, a lower incision which turns upward 
the entire breast and pectoral muscle group would be an acceptable procedure 
but would not produce quite so good an exposure.) The pleural cavity is en- 

red through the third interspace, carrying the incision from the internal 
nhammary vessels around to the midaxillary line. The internal mammary 
ssels need not be divided. The third costal cartilage is cut across and, if it 
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is desired, the second cartilage may also be divided. (In one patient a better 
opening was made by entering through the second interspace and retracting 
the second rib upward.) This allows the ribs to separate easily with the aid 
of a self-retaining retractor. As the lung collapses away inferiorly it is pro- 
tected by a covering of moist gauze. 

With the lung out of the way, the operator now has an excellent view 
of the lateral aspect of the base of the heart and the superior mediastinum 
(Figs. 10 and 12). The phrenic nerve is readily seen beneath the thin pleura 
but the vagus nerve may or may not be clearly discernible, depending upon 
how much fibro-fatty tissue there is around it. Superiorly, the rounded arch 
of the aorta is easily identified, and if all the major vessels arising from it 
cannot be seen, at least the first portion of the left subclavian artery can be 
viewed. The pleural covering of the mediastinum is now incised from the 
lung root upward toward the base of the neck to uncover the pulmonary 
artery and aortic arch. This incision is 7 or 8 cm. in length and should be 
made I to 2 cm. posterior to and parallel to the phrenic nerve. This incision 
is placed well behind the phrenic nerve in order to avoid injury to the under- 
lying superficial cardiac plexus and the fibers which join it from the sym 
pathetic and vagus systems (Fig. 1). In some individuals the upper one 
or two left intercostal veins do not drain into the azygos system, but in- 
stead form a single trunk which courses medially forward and along the medi- 
astinal surface to flow upward to the left innominate vein. Inasmuch as this 
vein crosses the cephalic end of the desired pleural incision, it is best to divide 
it when present. 

After the pleura is incised, a fine network of fat and areolar tissue of 
variable vascularity is found filling in the sulcus between the aortic arch 
and pulmonary artery. Almost invariably, it first appears that these two 
great vessels are directly contiguous to one another and that any communica 
tion between them must be in the form of a direct opening. However, with 
great care and patience, it is surprising to find that a plane of cleavage can 
be located and if followed will lead one deeply between the vessels. The 
question then arises regarding the exact location of the ductus and: where 
dissection should be made to uncover it. There are three ways to determine 
the position of this vessel: (1) The ductus lies just opposite to or a little 
distal to the origin of the left subclavian artery. | 
pressed, and as this is done there will be a temporary disappearance of the 


j 


) The ductus may be com 


thrill over the heart and pulmonary vessel. Thus, by running the finger 
along the sulcus, between the aortic arch and pulmonary artery, and pressing 
in various places, that point at which pressure stops the thrill will indicate 
the ductus site. (3) The left recurrent laryngeal nerve arises from the vagus 
nerve, courses downward, and then curves around the aortic arch a few 
millimeters posterior to the ductus. Hence the tracing of this structure will 
lead one directly to the ductus. 

It has been my practice to quickly locate the general position of th 
ductus by finding the point opposite the origin of the subclavian artery an 
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then press in various places below the aortic arch until the thrill is tempo- 
rarily stopped. Careful attention is then turned to the isolation of the recurrent 
nerve for two reasons (Figs. 1 and 2): First, the entire extent of this struc- 
ture must be identified in the operative field so that it is in view at all times 
and can be left uninjured. Second, the following of this nerve is the best 
way to accurately locate the ductus. I have spent as long as an hour in 
locating, freeing up, and tracing this nerve, for it is time well spent, and once 
it is brought into view, the remainder of the dissection seems to be on a 
safer and surer basis. 

The release of tissue around the 
ductus should be accomplished by 
blunt dissection. In this way less 
bleeding is encountered from small 
veins in the region. The postero- ) 
medial aspect of the ductus cannot 
he visualized completely, but gentle 
dissection here with a half length or 
a right-angle clamp will safely sep 
arate the underlying left main 
bronchus. The ductus should -not ah ; 
be cleaned off too much, for if a Geer 

Fic. 2.—Sketch of a horizontal section through 


small amount of areolar tissue is left the fifth thoracic vertebra, showing route by which 
_ ‘ : : A ae ; the ductus arteriosus may be exposed by an antero- 
around the vessel it will serve as a fateral approach through the left chest. If the left 
pleural cavity (LPC) is opened, the lung collapses 
toward the inferior part of the chest. The operator 
can then look directly at the mediastinum and can 
expose the ductus by incising the parietal pleura 
(P). (A). Ascending and descending aorta. (DA). 
Ductus arteriosus. (Pul. Art.). Pulmonary artery. 
sates ssrA eric M4 " — . (PS). Pericardial sac. (RL). Right lung. (RN). 
extra-pericardial, but in Case d the Recurrent nerve. (T). Trachea, at its Gittecation. 
sac had a very high reflection and  {trGv, shows directise of operative, appocech through 
» i the left second or third intercostal space. 


padding to prevent cutting-in of the 
ligature when it is applied. In most 
cases this entire dissection will be 


was opened into. At this stage 

haste should be avoided because a too rapid dissection may stir up bleeding 
and produce ecchymoses through the tissues which obscure the field and 
hamper the remainder of the operation. The elapsed time of isolating the 
ductus after the opening of the pleura was in no case less than an hour and 
in the last patient consumed nearly two hours. 

An aneurysm needle carrying the ligature material may now be passed 
around the ductus. Before permanently obliterating the vessel it is best to 
make a temporary occlusion for two or three minutes to insure that closure 
of the vessel will not in any way embarrass the circulatory apparatus. Dur- 
ing this period the patient’s color, blood pressure, pulse, and cardiac action 
can be observed for any untoward reactions. This temporary closure may 
be made by drawing up the thread and holding it with the fingers, or else 
the thread may be passed onto a Shenstone hilar tourniquet which is drawn 

» snugly without employing the ratchet (for fear of cutting through the 
uctus). If no undesirable effects are produced during the temporary obser- 
tion period, the ductus may be permanently ligated. The ligature material 
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in all cases of the present series was No. 8 heavy braided silk (Gudebrod 


Company). In two cases only one ligature was employed, but in the other 
patients two ligatures were used. The latter is unquestionably a better prac- 
tice, and it might be advisable to inject a few drops of sclerosing fluid into 
the ductus between the constricted points. It cannot be emphasized too strongly 
that these ligatures must be drawn up very tightly if complete obliteration is 
to be effected. When a satisfactory closure has been made there is complete 
disappearance of the thrill in the pulmonary artery. 

It would be a preferable surgical procedure to divide the ductus rather 
than ligate it in continuity, but in our series this was impossible because 
of the shortness of the vessel. 

The operative closure can now be completed rapidly. The edges of the 
mediastinal pleura are approximated with continuous or interrupted sutures. 
The cut ends of the costal cartilage are anchored to one another with a 
heavy catgut suture, piercing the cartilage with a sharp needle. The inter- 
costal muscles are approximated with continuous catgut, reexpanding the 
lung completely with positive pressure before the last suture is drawn up and 
tied. The pectoral muscle is repaired with continuous catgut to the muscle 
fasciae and a few interrupted mattress sutures to butt together the ends of 
the muscle. The subcutaneous fascia must be carefully sutured or there will 
be a marked tendency for the incisional scar to subsequently spread. 

Postoperative Care——There is remarkably little postoperative reaction. 
In the first three cases eucupine solution was injected into the intercostal 
nerves while the chest was still open. The prolonged anesthetic action of 
the drug appeared to greatly reduce postoperative discomfort in the wound. 
In the first case, the child was allowed out of bed in a wheel chair on the 
first postoperative day (Fig. 5) and was walking on the third day (Fig. 6). 
The wounds all healed per primam. There was some edema for three 
or four days, but there was no permanent collection of fluid such as was 
anticipated from cutting across the lymphatics of the breast (Fig. 17). There 
was a moderate tendency for the skin wounds to spread and become con 
spicuously wide. There was no difficulty with healing of the transected 
pectoral muscles after a regimen of immobilizing the upper arm for two 
or three weeks. In two patients, fluid collected in the left pleural cavity, which 
was not aspirated and which was resorbed spontaneously in about ten days. 

Operative Results—There have been no important postoperative complica 
tions. There has been no mortality in the cases thus far operated upon. In 
every patient the thrill has disappeared. In Cases 1 and 2 there is still a 
faint to-and-fro murmur at the pulmonic area, doubtless due to a small leak 
within the wrinkled spaces of the collapsed ducti. After these experiences, 
two ligatures were used in Cases 3 and 4 and this change in technic makes 
us feel certain that these ducti are completely obliterated for all murmurs 
have disappeared. In every case there has been a restoration of the low 
preoperative diastolic pressure to a normal level (Charts 2, 3, 4 and 5). I 
each case the overactive and forceful action of the cardiac impulse has beet 
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reduced to one of normal intensity. The transverse dimension of the heart in 
Cases 1 and 2 did not change appreciably, but in Cases 3 and 4 it has de- 
creased I cm. and 0.5 cm., respectively. Case 2 had always complained of 
difficulty in gaining weight, but within four months after operation he has 
gained nine pounds. Each of these children has returned to school and bids 
fair to have an improved cardiovascular system. 

In Cases 3 and 4 samples of blood (for oxygen content) were taken dur- 
ing operation from the aorta, the ductus, the main pulmonary artery, and 
the left pulmonary before and after ligation of the ductus. After determin- 
ing the patient’s oxygen consumption, it was then possible to calculate the 


volume of blood flowing to the periphery, through the ductus, and through 


the right and left sides of the heart. These studies are reported more fully 
elsewhere,’ but a few of the findings are listed here. In Case 3, the pe- 
ripheral blood flow was 4.86 liters per minute while the ductus was still open 
and was increased to 6.12 liters per minute after the ductus was ligated. In 
Case 4, the peripheral blood flow was 5.8 liters per minute while the ductus 
was open. Concurrent with this peripheral flow, 18.8 liters of blood per 
minute passed through the ductus, making a total of 24.6 liters which the 
left ventricle had to pump per minute in order to maintain the peripheral 
flow at a normal level. Following ligation of the ductus, the left ventricular 
output was 5.08 liters per minute, and this entire amount was of course dis- 
tributed to the periphery. In short, this heart was performing more than 
four times as much work as was necessary while the ductus was open. It 
is at once evident that ligation of the ductus greatly increases the cardiac effi- 
ciency, the increase in efficiency being dependent upon the size of the ductus 
which is obliterated. (The above figures all represent conditions with the 
patients under cyclopropane anesthesia, and while the figures are somewhat 
higher than in the unanesthetized individual, the general relationships are 
still true. ) 

The four patients thus far operated upon at the Children’s Hospital and 
the Peter Bent Brigham Hospital are here presented in summarized form. 


Preliminary reports of these have been made previously." !*: 18 


Case 1.—L. S., female, age 7, entered the Children’s Hospital, August 17, 1038, 
for study of her cardiac condition. At one and a half years of age her mother noted 
that the child was short of breath. At three years, examination, in another hos- 
pital, revealed findings of congenital heart disease. After having several epistaxes and 
episodes of pain in the extremities she was studied at four years of age in a second hos- 
pital. No evidence of rheumatic fever was found and there were no objective findings in 
the extremities. The discharge diagnosis was “patent ductus arteriosus.” On entering 
iol the child was bright and active, but often noticed that she could not play as long 
5 strenuously as did other children of her age. Frequently, she would stand still, 


ce 


have a rather frightened appearance, and would place her hand over her heart. When 
asked what was the trouble, she would whisper “something wrong inside of here.” These 


apparently represented attacks of palpitation with momentary dyspnea. The mother 
volunteered the information that she “often heard a buzzing noise in the child’s chest” 
When standing near her. At no time had there been cyanosis. 
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Physical Examination.—The patient was 49 inches tall and weighed 48 pounds. She 
was below the average physical development for her age and was moderately under 
nourished (Fig. 3). Inspection and auscultation showed a heaving, overactive cardiac 
impulse. There was a loud, to-and-fro machinery murmur accentuated during systole 
which was loudest over the pulmonic area, but was transmitted widely over the precordium , 
and to a less extent to the axillae and back. A continuous thrill, greatest during systole, 
was felt along the left border of the sternum, particularly toward the base of the heart 





Blood pressure I15/ 40. 


aes i 2 tet 





Fic. 3.—Case 1: Seven-year-old patient 2 
showing general body contour. Moderate under- g 
nourishment noted particularly in the promi i 


nence of the ribs. 


Laboratory Data—Red blood count 5,080,000. Circulation time, right ‘elbow to 3 
tongue, with Decholin, eight to 10 seconds. Seven-foot heart film (Fig. 4) showed 
the heart to be enlarged with a transverse diameter of 11.7 cm. compared to an internal 
chest diameter of 20.0 cm. The enlargement was mainly in the left ventricle, and the 
pulmonary artery was more prominent than normal. Considerable perihilar congestion 
was noted. Fluoroscopy demonstrated a definite “hilar dance” in the lung vessels, par- 
ticularly on the right. Electrocardiograms were normal. 

Operation.—Artificial left pneumothorax was first performed to determine whether 
subsequent collapse of the lung during operation would seriously affect the patient. Inas- 
much as there was no important reaction to this procedure, exploration was undertaken 





two days later. E . 

On August 26, 1938, under cyclopropane anesthesia, an incision was made from the f 
left sternal border to the left anterior axillary line just below the breast. The pectoral 
muscles were divided and the chest entered through the third left interspace after cutting 
the third costal cartilage. As the lung collapsed a good view of the heart and lateral 
aspect of the mediastinum was obtained. A very vibrant thrill was felt over the entire 
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eart and the pulmonary artery. After incising the pleural covering of the mediastinum 
and carefully dissecting below the aortic arch, a ductus 8 Mm. in diameter and 5 Mm. 


long was exposed. This was ligated with a single, heavy, braided-silk ligature. The 





Fic. 4.—Case 1: Preoperative seven-foot heart film. Total 
transverse dimension of heart 11.7 cm, Internal diameter of 
chest 20.0 cm. Enlargement of heart, particularly in region of 
left ventricle. Definite fulness in area of pulmonary artery, 
indicated by arrows. Increased lu markings from vascular 
congestion, especially in right lung 
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p iG. 5.—Case 1: Photograph taken 24 Fic. 6.—Case 1: Photograph on third 
Py after operation, showing patient out of postoperative day, when patient was ambula- 
iE I nd sitting up in a wheel chair. There tory, showing early recovery from the opera- 
F ittle postoperative reaction. tive procedure. Left arm is still immobilized 


in the dressing. 



















showing 
ready 








Ss In 


Fic. 7 





Annals of Surgery 
September, 193: 





ROBERT E. GROSS 











Case 1 Photog two months after operation, 
position of the opera wound Some weight gain is 
seen in the fulness of the chest, compared to the prominent 


Figure 3. 


in mm. of mercury 


Blood pressure 





ee 
Day of hospitalization 4 


ov12345670690 2 @ 6 6 20 


CHart 2.—Case 1: Daily blood pressure i 
during hospitalization, showing the low : 

diastolic level prior to operation and the imme- 

diate rise of the diastolic pressure following F 

operative ligation of the ductus. Average daily 

diastolic pressure prior to operation was 38 Mm. j 

of Hg. Diastolic pressure at time of hospital 

discharge was 73 to 75 Mm. of Hg. 
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thrill completely disappeared after closing the ductus. The mediastinal pleura was now 
sutured and, after the lung was reexpanded with positive pressure, the chest was closed. 
Postoperative Course-—There was very little postoperative reaction. The child was 
allowed out of bed and up in a wheel chair 24 hours after operation (Fig. 5) and on the 
third day she was walking around the ward (Fig. 6). The wound healed well except 
r some keloid formation (Fig. 7). She was discharged on the thirteenth postoperative 
day. Examinations of the heart after operation and after hospital discharge showed the 
thrill to have disappeared. The cardiac action was now of normal intensity in contrast 
to its previous overactivity. There was a faint to-and-fro, soft murmur at the base, the 
systolic element of which was transmitted to the apex but not elsewhere. The diastolic 








Fic. 8.—Case 2: Eleven-year-old boy with under- 
development and deficient nourishment Note the long 
thin extremities and fingers Patient had great diff. 
culty in gaining weight despite many years of clinic 


treatment. 


d pressure rose immediately on ligature of the ductus and has permanently remained 
nal at about 35 Mm. of mercury above her preoperative level (Chart 2). Electrocar- 
diograms six months after operation show no change. The child has returned to school, is 
active, and is gaining weight. 

Case 2.—R. C., male, age 11, entered the Children’s Hospital, September 6, 1938. 


In the first year of life it was found that he had “heart trouble.” Because of failure 
to gain weight he was first seen in the outpatient department at four years of age, 
at which time there was considerable malnourishment. At that examination, physical 


and roentgenologic findings were characteristic of a patent ductus arteriosus. On the 
present admission the child’s chief complaint was that he was “always tired ever since he 
was big enough to run around.” The child had noticed that he could never run and 
exercise as freely as his playmates. Exercise was never accompanied by cyanosis, but it 
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always brought on cardiac palpitation. The patient had never been able to gain weight 
properly in spite of guidance from the clinic. 

Physical Examination.—The .boy was thin and distinctly undernourished (Fig. 8). 
He was 58 inches high and weighed 62.5 pounds. The very forceful action of the heart 
imparted a marked pulsation to the anterior chest wall. A very loud and harsh, roaring 
continuous murmur, increased during systole, was heard in the pulmonic area. This was 
transmitted widely over the precordium, but the diastolic element was faint at the apex 
compared to the rather loud systolic apical murmur. The coarse systolic murmur could 
be heard in both axillae, particularly the left, over the back of the chest, but only faintly 





enlargement, particularly in region of left ventricle. Prominence of pul- 
monary artery indicated by arrows. Total transverse dimension of heart 
11.3 cm. Internal diameter of chest 21.3 cm. 


Fic. 9.—Case 2: Seven-foot roentgenogram prior to operation. Cardiac 


over the neck vessels. A vibrant, continuous thrill was felt over the precordium, especially 


in the left second and third interspaces. The pulmonic second sound was greatly increased. 
The blood pressure was 115/45. There was a definite Corrigan’s pulse and a capillary 
pulsation in the fingernail beds. 

Laboratory Data.—Roentgenologically, the heart was enlarged, the transverse dimen- 
sion being 11.3 cm. compared to an internal chest diameter of 21.3 cm. (Fig. 9). Most 
of the cardiac hypertrophy appeared to be in the left ventricle. The pulmonary artery 


was prominent and the lung markings were increased. Electrocardiogram was normal. 
Red blood count 5,050,000. 

Operation.—September 12, 1938: Under cyclopropane anesthesia, a slightly curved 
incision, running from the left sternal border to include the left anterior axillary fold, 


nd 


was made just beneath the breast, transsecting pectoral muscles and retracting breast 
il 


The thorax was entered in the third interspace, cutting the third c 
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cartilage. The collapsed lung was protected with a gauze pack and the mediastinum was 
viewed from its left lateral aspect (Fig. 10). A very coarse thrill was felt over the 
entire heart and pulmonary artery. This was so marked that it tickled the operator’s 
fingers while working in the region and touching the great vessels with forceps or other 
instruments. The left recurrent laryngeal nerve was easily exposed. Following this struc- 
ture forward and medially, an enormous patent ductus, 11 or 12 Mm. in diameter and 
12 Mm. in length, was found. Attempts were now made to pass an aneurysm needle 
around the vessel so that ligatures might be brought into place. In the performance of 








/rncision 


—. 














Fic. 10.—Case 2: Sketch of operative exposure of the ductus which was 11 Mm. 
in diameter. Insert shows position of patient with left arm drawn up along 
the head and with incision coursing just beneath the breast. Thorax entered 
through the third interspace. Third cartilage cut to allow upward retraction of 
ribs. The left lung is held down inferiorly with a gauze pack and malleable re 
tractor. Positions of aorta and pulmonary artery indicated by dotted lines. When 
the pleural covering of the mediastinum was incised a direct view of the aortic 
arch, pulmonary artery, and ductus was obtained. (3C). Cut end of third costal 
cartilage. (DA). Ductus arteriosus. (G). Gauze pack over collapsed lung. (PA). 
Pulmonary artery. (PI). Pleural incision. (PN). Phrenic nerve. (RLN). Re- 
current laryngeal nerve. (SR). Self-retaining retractor. (VN). Vagus nerve. 


this task the thin-walled ductus tore and there was a serious hemorrhage which bid fair 
to end the operation fatally. However, a finger was held over the rent while a trans- 
fusion was finished and then with one finger over the hole, dissection was continued until 
ligature material could be carried around the ductus and tied up tightly. Fortunately, 
all bleeding was thereby controlled. After reexpanding the lung the chest was rapidly 
cl ed. 

Postoperative Course —Except for some discomfort in the wound for several days, 
requiring sedatives, there was little postoperative reaction. On the fourth day, the patient 
was allowed out of bed and at the end of a week was walking. He was discharged, 
September 29, 1938. The greatly accentuated cardiac beat has returned to normal activity. 


The thrill has disappeared. There is a to-and-fro murmur at the base which is soft, and 
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at times the diastolic element of this cannot be heard. The diastolic blood pressure has 
averaged about 30 Mm. of mercury higher after operation, compared to its preoperativ« 
level (Chart 3). Roentgenograms of the chest two months after operation show no essen 
tial change in size or contour of the heart. The boy’s general condition has graduall; 
and definitely improved, there being a weight gain of nine pounds in the first four mont! 

after operation. 

Case 3.—F. S., female, age 7, entered the Children’s Hospital, November 2, 1938 
During the first four years of life, she was always under normal weight. At three years of 
age, there was a loud cardiac murmur and a widespread coarse precordial thrill. Thes: 
findings, with a blood pressure of 110/40, plus a Corrigan’s pulse, led to a diagnosis 
of aortic stenosis and regurgitation. From the fourth to sixth year of life the child 
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DAY OF HOSPITALIZATION 2 
CHART 3.—Case 2: Daily blood pressure during 3 
hospitalization. Low diastolic pressure which existed a 
prior to operation was immediately restored to a not Ee 
mal level by ligation of the ductus. This increased a 
diastolic level was maintained as indicated by the read a 
ing two months after operation. Z 
was usually unstable, tired easily, had moderate dyspnea and chest pain on exertion, and 
dilated veins were often noticed over the anterior chest wall. Her general activity, how- 
ever, was not greatly retarded. There had never been cyanosis. 
Physical Examination.—The patient was pale, somewhat thin and underdeveloped. 
° ° ° rr ° 7 
The height was 46 inches and the weight 42.5 pounds. There was no cyanosis or club- 
bing. There was a marked precordial pulsation indicating a very active heart heat. 
There was an intense and coarse thrill over the entire precordium, most vibrant in the 
third left interspace, which was more pronounced in systole but which extended into 
diastole. A loud rough systolic murmur was heard in the pulmonic area which was 
transmitted over the entire precordium and with considerable intensity to both axillae 
and the back. In the pulmonic area there was also an untransmitted diastolic murmur 
which produced a to-and-fro, continuous murmur at the base. P» was greatly accentuated. 
The blood pressure was 115/50. 
Laboratory Data.—Red blood count 5,090,000. Electrocardiograms were negative F 
except for splintering of the QRS. complex in Lead 3 (Graph 1). Roentgenograms and 
tr) d + 


fluoroscopic examination of the heart showed slight enlargement to the left (Fig. 11). 
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[Transverse dimension of the heart 9.8 cm., compared to an internal diameter of the 
horax of 18.6 cm. There was a marked bulge in the region of the pulmonary artery 

d also considerable pulsation of the congested pulmonary arteries. Blood volume was 
1,600 cc. as determined by the Gibson* method. 

Operation.—November 9, 1938: Under cyclopropane anesthesia, the same general ap- 
proach as in Cases I and 2 was employed, but incision was made above the breast, and 
the second as well as the third costal cartilages were cut. When the chest was opened 
in the third intercostal space, a very wide and satisfactory exposure of the heart and 
superior mediastinum was obtained. The heart had a very forceful impulse and there 
was a marked thrill over the entire organ and over the pulmonary artery. After con- 
siderable time-consuming dissection, which required opening of the superior portion of the 








A: 
yi 
a fic. 11.—Case 3: Seven-foot roentgenogram prior to operation. Moder- 

4 ate cardiac enlargement Prominence in region of pulmonary artery in- 

3 dicated by arrows. Increased markings in lung fields Total transverse 
o dimension of heart 9.8 cm. Infernal diameter of chest 18.6 cm. 

: pericardial sac, the underportion of the aortic arch was bared and the ductus was found 
4 to be 7 Mm. in diameter and 7 to 8 Mm. long (Fig. 12). After a preliminary pinching- 
’ off of the ductus for three minutes, to make sure there would be no deleterious effects, 

the vessel was permanently obliterated with two heavy braided and waxed silk ligatures. 

a The thrill disappeared immediately, the diastolic pressure in the arm rose greatly, and 
a the heart slowed (within two or three beats) from 100 to 70. This latter very prompt 

dramatic response was probably brought about by the raising of pressure in the 
aortic arch which slowed the heart reflexly by way of the cardiac depressor nerve. The 

M pulmonary artery, which prior to ligation had been quite tense, was distinctly softer after 


closure of the ductus. Two silver clips were placed on one of the ligatures so that this 
ion mtght be accurately identified in postoperative roentgenograms (Fig. 14). The 
was then reexpanded with positive pressure and the chest closed. 

Postoperative Course-—The wound healed well and the patient was discharged on 
thirteenth postoperative day (Fig. 13). Like the other patients operated upon with 
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this approach, there was no disability from section and suture of the pectoral muscles. 
The heart, which had been so active prior to operation, now had a beat of normal in- 
tensity. The thrill has disappeared and absolutely no murmurs can now be heard. The 
diastolic blood pressure showed a marked change. Before operation this had varied from 
30 to 50, and beats could be heard all the way down to zero. After operation the diastolic 
pressure was almost constantly at 80 and no beats could be heard below 65 or 70 (Chart 
4). Postoperative electrocardiograms showed no change (Graph 1). Reexamination of 
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Fic. 12.—Case 3: Operative exposure of patent ductus arteriosus which was 7 Mm. in diameter. 
Incision of pleura made posterior to the phrenic nerve. After dissecting fatty and areolar tissue from 
the sulcus between aortic arch and pulmonary artery, the recurrent laryngeal nerve and the ductus wer« 
brought into view. The origin of the left subclavian artery is just seen on the aortic arch, opposite t 
and a little proximal to the ductus opening. Aneurysm needle passed around the ductus. Second and 
third costal cartilages both cut in this case. Insert shows position of the skin incision which in this 
patient was made above the breast. 


the heart, two months after operation, showed the left auricle to be smaller and there was 
a diminution in the transverse dimension of the heart of 1 cm. (Fig. 15). Kymograms 


also showed diminished ventricular excursions after operation. Of particular interest 3 





was the pulmonary artery, which had collapsed but little as viewed in the roentgenogram. ; 
However, by kymogram, this vessel as well as the aortic knob was seén to pulsate much : 
less than before operation (Graph 2). The child’s general condition has been excellent ; ia 
she has returned to school and in the first two months after operation she has gained 


three pounds in weight. 
Case 4.—M. F., female, age 17, entered the Peter Bent Brigham Hospital, Novem- 1 

ber 28, 1938, for study of her cardiac condition. At the age of three, a cardiac murmur 

was first discovered. At the age of five, she entered another hospital for treatment 

of marked cardiac decompensation and at that time was hospitalized for six months 
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Case 3: Photograph showing position and condition 
of wound on_tenth postoperative day. 

















Fic. 14.—Case 3: Roentgenogram of heart following operation to show 
position of the two silver clips which were placed on the ductus ties to 
identify this region, The obliterated ductus is a few millimeters medial to 
these clips. 
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During that time her general condition gradually improved. 
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12 there were frequent and very copious epistaxes. 
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From the age of six until 





Except for occasional dyspnea there e 


was little limitation of her physical activity, but the child noticed that she always tired 


more easily than her playmates. 
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CHART 4 Case 3: Daily blood 

chart, indicating marked change in the diast 

level after obliteration of the patent ductus 
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Fic. 15.—Case 3: Outlines of GRAPH 


heart before operation (dotted line) 


preoperative 
postoperative tracing of left cardiac border. 


After entering high school increased physical exertio1 





GRAPH 1 Case 3: Electro 
cardiograms before operation on 
left, and after operation on right. 
Normal curves before operation, 
No important change after opera 


tion, 





i fron 
kymogram of heart to compare with 
f Prior 


2.—Case 3: Tracings taken 





and after operation (solid line) as 

traced from seven-foot heart films, to operation there was an increased amplitude of 

showing reduction in size of heart movement in the left ventricular border which 

following closure of the aorto-pulmon- is reduced after operation. Prior to operation i 
ary artery shunt. Transverse diam- there was marked pulsation in the aortic knob 5 
eters 9.8 cm. and 8.8 cm. before and pulmonary artery regions which is greatly : 
and after operation, respectively. reduced after ligation of the ductus. (A to B). 


Region of aortic knob and pulmonary artery. 


(B 


to C). Border gf left ventricle. 


brought recurring episodes of moderate decompensation so that the curriculum had to be 


greatly reduced. 


On several occasions she was in bed from one to three months. 


During 


these periods of incapacitation there was swelling of either or both legs, accompanied by 


dyspnea. 
and the patient was kept at home. 
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For the year prior to hospitalization formal schooling had to be abandoned 
For two months prior to hospital entry there had beet 
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this time there had been moderate orthopnea and frequent palpitation. 


DUCTUS ARTERIOSUS 






three or four attacks of griping pain in the left chest which were relieved by rest. 








During 


For several years 


there had been frequent attacks of tonsillitis and at times the question of rheumatic fever 


had been raised, though there was no swelling, 


oints at any time. 


Physical Examination—The patient was 
nourished individual weighing 95 pounds. 

tonsils were enlarged and mildly inflamed 
the left than on the right. 
forceful, even during rest in bed. 


machinery murmur with systolic accentuation 


The lungs were clear. 


tenderness, or 


a small-framed, 


increased heat 


thin, somewhat 


of the 


under- 


The general physical condition was good. The 
The thorax was a little more prominent on 
The cardiac action was extremely 


Over the pulmonic area was a loud, coarse, continuous 


This was transmitted widely over the 





Fic. 1 Case 4: Seven-foot ‘heart film before operation. 
diac enlargement. Transverse dimension heart 12.8 cm. 
of chest 24.0 cm. Prominence of pulmonary artery indicated 
Just below this is slight fulness in region of left auricle. 
gestion throughout lung fields. 


essels, 


Moderate car 
Internal diameter 


by arrows. 
Vascular con- 


precordium, to both axillae and over the back, but was only faintly heard over the neck 
At the cardiac apex the systolic element of the murmur appeared to be of the 


ume character as that at the base, but the diastolic component had a different quality. 


he second pulmonic sound was greatly accentuated. 


entuation was felt over the pulmonic region. 
Laboratory Data. 


nlargement, chiefly left ventrggular hypertrophy 


tery (Fig. 16). 
its posterior portion. 


oscopy showed a very vigorous beat. 


mpared to an internal diameter of the chest of 24.0 cm. 


enous pressure was 86 Mm. of water. 
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The blood pressure was 124/60. 


A continuous thrill with systolic 


Roentgenologic examination of the heart showed moderate cardiac 


with slight fulness of the pulmonary 


In the hili the pulmonary vessels were slightly dilated. 


There was considerable enlargement of the left auricle, particularly 


Flu- 


Transverse dimension of the heart was 12.8 cm. 
The vital capacity was 1,800 cc. 


Circulation time, antecubital fossa to tongue, 
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was increased to 22 seconds. Red blood count 4,040,000. Blood volume by the Gibson 


technic was increased to 3,950 cc. 





There was some question in this case concerning the presence of a complicating mitral 
stenosis which might be masked by the prominent signs of the patent ductus, but it was F 
felt that the patient’s cardiac reserve could be greatly improved by ligating the ductus 

Operation—December 22, 1938: Under cyclopropane anesthesia, a transverse inci 
sion was made just above the breast, dividing the pectoralis major and minor muscles 
and entering the chest in the second interspace after dividing the second costal cartilage. 





When the lung was packed away inferiorly an excellent exposure of the aortic arch and 
pulmonary artery was obtained. After opening the pleural covering of the mediastinum, 





a vascular and quite dense meshwork of fat and areolar tissue was found in the sulcus 
between the great vessels. Nearly two hours were consumed in carefully dissecting this e 





Fic. 17.—Case 4: Postoperative photograph to show position of the 
operative incision. This transverse section of the supramammary struc- 
tures and the pectoral muscles does not produce any clinical evidence 


of impaired lymphatic drainage of the breast. 


area in order to avoid hemorrhage. The ductus was finally exposed and was found % 
be 8 to 9 Mm. in diameter and 5 to 6 Mm. in length. The vessel was firmly occluded 
with two No. 8 braided silk ligatures. The marked thrill which was previously felt over 
the entire heart and over the pulmonary artery now completely disappeared. The heart, 
which had previously been very vigorous and overactive, immediately assumed a quiet 
and normal pulsation. The diastolic blood pressure immediately increased 25 Mm. ot 
mercury. There were no untoward effects from ligating the ductus. During the opera 





tion samples of blood for oxygen content determinations were taken from the aorta at 
the pulmonary artery before and after ligation of the ductus in order to study the blo: 
flow through the greater and lesser circuits.’ The pleural covering of the great vess« 
was repaired and the chest closed after reexpanding the lung with positive pressure. 
Postoperative Course-—There was a mild febrile reaction’ for four days, followi 
which the temperature was normal. There was some collection of fluid in the left che 
which was not aspirated and which disappeared in ten days. The wound healed / 
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primam (Fig. 17). The patient was discharged in excellent general physical condition 
on the sixteenth postoperative day. The cardiac impulse has assumed a normal intensity. 
The thrill has disappeared. No murmurs can be heard at the apex. A very faint and 
soft systolic murmur could be occasionally heard over the pulmonic region for three to 
four weeks, but this has now completely disappeared. The systolic blood pressure has 
changed very little, but the diastolic pressure has a sustained increase of 25 to 30 Mm. of 
mercury above the preoperative level (Chart 5). Roentgenologic examination, two weeks 
after operation, showed a definite decrease in the total transverse diameter of the heart of 
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CHART 5.—Case 4: Blood pressure chart dur- 
ing hospitalization Low diastolic pressure be 
fore operation compared to normal diastolic after 
operation. 


.5 cm. There has been a change in the contour of the heart, with a decrease in the size 


f the left auricle. There is only slight decrease in the size of the pulmonary artery but 


he vessel has greatly decreased pulsations on kymographic tracings. The intrapulmonary 


ssels are definitely smaller and sharper. Reexamination, two months after operation, 


L 


iows the blood volume to be reduced to a normal value of 3,280 cc., the circulation time 


be reduced to a normal of 12 seconds, and the vital capacity to be increased. 


SUMMARY AND CONCLUSIONS 


The ductus arteriosus has a normal function of shunting blood from the 


ulmonary artery to the aorta while the lungs are collapsed before birth. If 
‘ductus does not spontaneously close in the first year of postnatal life, the 


tient is left with a vascular fistula which then permits blood to escape in 


rge quantities from the aorta to the pulmonary circuit. The presence of such 





a patent ductus is compatible with a long and active life, but it carries with 
an increased likelihood of superimposed bacterial endarteritis or of car- 


c decompensation resulting from what is essentially an arteriovenous 


urysm. 
Surgical obliteration is advocated as a method of avoiding the complica- 
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tions to which the possessor of a patent ductus is liable. The operative steps 
for accomplishing this task were studied on postmortem material, were prac- 
ticed on dogs, and are described herewith. The ductus can be adequately ex- 
posed by an approach through the left pleural cavity, entering the superior 
mediastinum from its left lateral aspect. 

The feasibility of this operative procedure is demonstrated by the report 
of four patients upon whom it was performed without mortality or complica 
tions. These results indicate that the ductus can be explored with safety 
and that it can be permanently ligated in most instances. The success which 
has thus far been encountered in these surgically treated cases makes it im- 
portant to recognize the condition, for surgery has much to offer these in- 
dividuals. When there are no serious complicating cardiovascular lesions, 
surgical closure of the ductus can be performed with low risk and should ward 
off the dangers of subacute bacterial endocarditis and cardiac failure. 
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Discusston.—Dr. Mont R. Reip (Cincinnati, Ohio): I am sure that | 
voice the feelings of the members of the American Surgical Association when 
| express my admiration for this splendid and brilliant paper; we are truly 
grateful to you, Doctor Gross. There can be no doubt that you have made 
an enduring contribution to the knowledge and art of surgery. That others 
have thought of and tried unsuccessfully to-do what you have reported here 
to-day, in no way detracts from the careful and painstaking studies you have 
just recited. That is the common experience of all of us and it is rather to 
your credit that you were not deterred by the failures of others. 

Permit me also to admire the words of caution with which you have sur- 
rounded this obvious advance in surgery. If the operation which you have so 
successfully employed in four cases should for a time become discredited by 
misuse, it will be no fault of yours. From your laboratory and clinical in- 
vestigations you have laid down certain rules or standards of procedure which 
should be our guiding principles until further experience or study warrants 
a change in them. That changes will come is inevitable, but to have this 
work discredited by hasty or unwise use would be deplorable. 

Having in mind the criteria of operability which you have proposed, | 
have reviewed the records of 15 living cases of patent ductus arteriosus. Of 
these, It appear to be uncomplicated by other abnormalities; two, to have 
patent interventricular septa; and two, to have pulmonary stenosis. Of this 
entire number, only one appears to satisfy fully your requirements for opera- 
tive intervention. He is a poorly nourished boy, age 11, exhibiting the typical 
murmur and thrill; the accentuated pulmonary conus; left ventricular enlarge- 
ment ; low diastolic pressure ; free of evidence of other cardiac defects ; dyspnea ; 
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and no evidence of bacterial endarteritis. There are two other cases which 
almost meet your criteria of operability. In this series, there is one child, who 
at the age of six met all of your requirements but who now, at the age o 
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GraPH 1.—Sound tracings of a normal heart; a_ heart 
with patent ductus arteriosus; and of a congenital cirsoid 
aneurysm. 








Fic. 1.—A 33-year-old colored man with patent F 
ductus arteriosus, with typical clinical findings, and 
in apparently excellent health. 


15, appears to be perfectly well, although the ductus is open. Should we 
operate? On the other hand, another patient who, at the age of three, seemed, 
1o 


by your standards, to justify an operation, is now, at the age of seven, dying 
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‘rom bacterial endarteritis. In view of Hamman’s experience with a malignant 
vegetative arteritis at the site of an arteriovenous fistula, | cannot help but 
question your logic in refusing to operate for a vegetative lesion in association 

: with a patent ductus arteriosus. There seems, undoubtedly, to be a causal 
-_— relationship between patent ductus arteriosus and the occurrence of vegetative 
endarteritis, and it appears logical to me to hope that the surgical elimination 

the patent duct might have some beneficial effect in pr ymoting the healing 
of the vegetative lesion. 


FE: TABLE | 


SUMMARY OF I5 LIVING CHILDREN WITH CLINI AL DIAGNOSIS OF PATENT DUCTUS 
ARTERIOSUS 


Other Complicating Defects 


Patent 
Interventricular 
Primary Lesion Septum Pulmonary Stenosis 
No. of cases. . ; , : II 2 2 
Age range—I to 16 years 
Average time followed 
{ years 5 months 
Cyanosis: 
So ae o 3 0 O 
Moderate. ced rs O 2 I 
Exertion dyspnea: 
2 ae 3 O I 
Moderate. .... Aas os 2 O O 
Marked err yi a O oO I 
Peripheral edema.......... I oO ce) 
Delayed development..... 2 I I 
Clubbed fingers. . . “nie I O oO 
Precordial bulging......... I O fe) 
Corrigan’s pulse : oO O I 
Low diastolic pressure. . . 4 I I 
Systolic thrill P 3 I oO 
Murmur: 
lypical. . 11 2 I 
Systolic oO Oo I 
X : 
V. enlargement ee 8 2 I 
Accentuated pulmonary 
conus. 5 ee re ee 4 I oO 
monormal WIG: ..665.. 666s. O Oo 2 
Restricted activity required: 
eS | er eee 3 2 I 
i Marked ae Se ee I O I 
WIRE. <6 os cks eee er eee 10 2 2 
Case developed bacterial 
locarditis at age seven. 1 (probably dead) 0 oO 
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yperation: 
Pec doce ve ASS I I oO 
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In a series of 8,300 autopsies, performed at the Cincinnati General Hos- 
pital, there are recorded 489 instances of patent ductus arteriosus. Of these, 
231 were noted in stillborn infants and are, therefore, of no significance. 

There were, however, 258 cases in which death occurred after birth. Of 
this number, 176 deaths occurred within one week and all, except one, within 
eight months. On analyzing the causes of death, I was impressed by the very 
high incidence of pulmonary atelectasis. This is an interesting observation, 
although I am not prepared to discuss its significance. There was one girl 
who died from a brain abscess at the age of 14. The clinical history was 
typical of a bacterial septicemia, although at autopsy no vegetative endarteritis 
was noted at the site of the patent ductus. 

We now have under observation a colored man, age 33, who has a typical 
patent ductus arteriosus (Fig. 1). At the base of the heart there is a loud 
thrill and typical machinery murmur, particularly in the pulmonic area. 
The sound tracings are typical, though more intense, of a congenital cirsoid 
aneurysm (Graph 1). There is an enlarged pulmonary conus, slight left 
ventricular hypertrophy. Clinically the patient is a well man. Should he be 
operated upon? 

I cite this case to give Doctor Gross the chance to reemphasize the fact 
that a diagnosis alone of a patent ductus arteriosus does not warrant an 
operative procedure. 

I wonder if many children who are diagnosed as having heart disease 
and later “outgrow it’ do not really have some congenital defect as patent 
ductus arteriosus which closes spontaneously. 

Finally, there are a few minor statements to which I must take exception. 
The “‘very tight” tying of the ligature about the ductus may lead to a rupture 
of the vascular coats and a subsequent fatal hemorrhage; gentle approxima- 
tion of intimal surfaces would appear to me to be safer. T cannot subscribe 
to his belief that a persistence of a to-and-fro murmur means leakage through 
the wrinkled spaces of a collapsed ductus. It would appear to me that the 
operation for ductus arteriosus is ideal for the employment of silk ligatures 
and sutures throughout the procedure. I believe it would lessen the incidence 
of pleuritic effusions. 

These minor disagreements must in no sense be construed to detract from 
my great admiration of this splendid piece of work. 


Dr. Ettiotr C. Cuter (Boston) : It is a privilege to congratulate Doctor 
Gross on this piece of work as well as to congratulate the Association that a 
new furrow in the field of cardiac surgery has now been plowed. There ar¢ 
those, I have heard, who think [| played a role in this work, and I should like to 
disabuse their minds of that. It is possible that Doctor Gross, since he has been 
with us a long time, may have known that I did contemplate, in the years when 
I was active in a new field in cardiac surgery, playing with the idea that the 
patent ductus might be ligated. But I saw an old man of 72 years of age 
with a loud machinery murmur and carefully studied him physiologically for 
some months, and decided that people who had patent ductus might live to 
adult life and that surgery was unnecessary. 

As further evidence of my early interest in this matter is the fact that 
the first slide shown by Doctor Gross represented the situation in a child 
studied in Cleveland and even contemplated operating upon. 

Whatever credit there is in this work belongs entirely to Doctor Gross. 

It is proper to point out, I think, since we are all interested in the educa- 
tion and training of competent surgeons, the backgrounds which give rise to 
this form of work, the form of work which your President in his masterful 
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presentation to the Society this morning pointed out as the type of work 
which the organizations of learned surgical groups should foster and en- 
courage. This piece of work, as I look upon it, would not have come out unless 
Dr. W. E. Ladd, of the Children’s Hospital, and I had sort of a joint 
show where we share the same interns and have a joint service that provides 
for the young man adequate surgical training in children’s surgery as well as 
in adult surgery. Moreover, this work might not have been accomplished, un- 
less in the pediatric service of the Children’s Hospital in Boston there had not 
been competent, wide-awake and courageous young pediatricians, because the 
surgeon alone, when he enters such a field, must have compatriots to help him. 
Moreover, it could not have occurred unless he had had at hand a fully equipped 
surgical laboratory, because one dares not enter into new fields where there 
are no signposts unless one can gain experience first upon animals. And, 
naturally, and finally, there must be some kind person to provide the patients. 

This type of forward work in surgery represents the things that come from 
centers where there can be, for the growing young surgeon, all facilities—the 
laboratory, the intelligent and courageous colleagues in his medical service, and 
the patients to work upon. Moreover, such a work gives a tremendous stimu- 
lus to a great group of people. 

The roentgenologist now is stimulated to make the diagnosis by a more 
competent study of the pulmonic conus. The pediatrician is stimulated to 
find patients who can be saved, and the hel and the anesthetist, too, 
are studying better what is the best approach and what is the best anesthetic. 

Doctor Gross, I hope, will elaborate upon reasons why the operation is 
desirable. In my time I had no knowledge of the fact that the majority of 
children born with patent ductus either die young or succumb early to cardiac 
failure or endocarditis. I believe he can give us statistical data revealing the 
natural mortality in this group, a mortality which in view of his experience 
might be, by surgical means, greatly lowered. 











































Dr. Davip CHEEVER (Boston): [ cannot refrain from adding my con- 
gratulations to Doctor Gross for his accomplishment of this remarkable 
surgical feat, and also to the Association for becoming the vehicle of its 
transmission to the surgical world. 

[ want to point out something that is a favorite viewpoint of many of 
us, all of us, in fact, and that is the transcendent importance of the basic 
sciences in the performance of such a thing as this—physiology and anatomy. 

You noticed how Doctor Gross brought out the essential points in the 
topographic anatomy, which enabled him to accomplish this procedure with 
so much safety and precision. Now I admit, of course, that ligation of a 
patent ductus arteriosus is not likely to be an emergency procedure, so I 
imagine that anybody would have ample opportunity to look up his anatomy 
before performing it. I do not believe that Doctor Gross would feel obliged 
to do that, as a matter of fact, because, of course, it was the good fortune of 

Harvard Medical School, where anatomy is still considered important, 
to be his alma mater. 





















Dr. Ropert E. Gross: In answer to Doctor Reid, I do not believe that the 
best way to obliterate the patent ductus has been found. I think it is a poor 
surgical procedure to ligate a vessel in continuity. However, in a small place 
between the great vessels in the mediastinum where space is at a sieeilan, 
it appears to be impossible to doubly tie and divide the ductus. I had hoped 
to do it in one case in which the ductus was a little longer than in the other 
instances, but it appeared to carry with it too much danger. 

Double ligatures have been used on the last two cases. It would probably 
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be a better procedure to doubly ligate, put the ligatures as far apart as possible 
and to inject between them some sort of sclerosing fluid so that the intima 
would be destroyed and the vessel become thrombosed. 

It is difficult to estimate the prognosis in individuals with a patent ductus 
arteriosus, because people who die of this lesion are apt to be reported, whereas 
others who go through life without any complications are rarely reported in 
the literature. The only statistics we have available at present are those of 
Maude Abbott, who collected, among her congenital cardiac cases, 92 indi 
viduals who had a patent ductus arteriosus without other lesion. About 
one-quarter of these lived to an elderly life, without any important complica 
tions. About one-quarter of them died of subacute bacterial endarteritis, and 
almost half of them died of cardiac failure. 

I do not believe that all individuals in whom the diagnosis is certain 
should be operated upon. I think they should be followed for a number of 
years, because, as Doctor Reid has pointed out, there are individuals who 
will close off the ductus later in life or who will compensate for a small 
shunt. I have in mind several youngsters I have seen in the outpatient de- 
partment who, as we have followed them through a period of years, show 
a heart which is slowing down, and which is not enlarged; they have no 
signs of cardiac failure, and they are developing normally in their physical 
stature. I think this type of individual should be left alone, because he may 
eventually close off his ductus, and the danger of letting him go untreated is 
less than the danger of operative intervention. 

Regarding the age at which these people die, in Maude Abbott's series of 
92 cases, the average age at death was 24 years. 

Regarding advisability of operation in some of the cases that Doctor Reid 
mentioned, it is hard to tell an individual who is getting along fairly well that 
operation may be an advisable procedure. In the first case that we considered 
operating upon we ourselves thought the dangers of operation would be too 
great, and operation was deferred. However, the child was back in the hospital 
within a few months and died of subacute bacterial endarteritis. Thus, the 
fact that a patient has lived to 33 years, or one is 18 years of age without any 
particular trouble, is no indication that such an individual is going through 
the remainder of life without difficulty. 

Regarding Doctor Reid’s patient 18 years of age, who does not have endo- 
cardial infection, it is possible that such a patient may return later with 
subacute bacterial endarteritis. I say this because in the last few months | 
have been consulted in regard to three patients who had lived into the third 
decade without any evidence of cardiac disability, and all of them now have a 
fatal bacterial endocarditis. 

I originally held the impression that patients who have subacute bacterial 
endarteritis should not be operated upon, because I felt that the manipulations 
in the region obviously would dislodge some of these vegetations and produce 
emboli. But since then, I have come to believe that some individuals with 
supervening subacute bacterial endarteritis should possibly be explored. | 
am not quite sure of this stand as yet, but it is possible that if you can close 
off the shunt you may stop the swirling of blood and the growth of the vege- 
tations. Then, sulfapyridine or sulfanilamide would have a better chance to 
destroy those bacteria which are present. 
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DuRING the past 40 years a few clinically useful syndromes have been 
delineated from among the ever-increasing numbers of craniocerebral injuries 
with which the surgeon is required to deal. Among the better understood 
entities of traumatic origin may be mentioned simple and compound depressed 
fractures of the skull and subdural and epidural hemorrhages. In direct 
accord with the comprehension of the pathology and the pathogenesis of these 
conditions rational and effective therapy has been devised, and the major sur- 
gical principles relative thereto are no longer matters of controversy. The 
morbid anatomic disturbances underlying these entities frequently represent 
only a part of the entire pathologic: process that may be encountered in any 
given instance, multiple lesions being the rule rather than the exception. 
There remains a large number of patients with brain trauma presenting 
bizarre clinical pictures dependent upon diversified pathologic states, the pre- 
cise interpretation of which still escapes us. Cases in this group show clinical 
evidence of a grave cerebral insult characterized by profound alterations in 
constitutional, neurologic, and psychologic states. The gross pathologic fea- 
tures observable at autopsy in fatal cases often include cerebral lacerations, 
surface contusions, subpial, subarachnoid, and diffuse intracerebral petechial 
hemorrhages and variform zones of edema. These obvious lesions are fre- 
quently regarded by surgeons and pathologists as an adequate explanation of 
the symptomatology, clinical course and consequent death of the patient. We 
consider such an interpretation as being distinctly open to controversy. Cer- 
tain less obvious but none the less real factors of a pathophysiologic nature 
resulting from the trauma and loosely spoken of as fluid imbalance, intra- 
molecular derangements, circulatory alterations and vegetative dysfunction 
almost invariably accompany the gross anatomic findings. Indeed these fac- 
tors may and do exist in fatal cases without demonstrable lacerations, hemor- 
rhagic extravasations or edema of the brain. 

Che deficiencies of our understanding of the pathogenesis and physiologic 
pathology represented in the group of cerebral insults referred to above and 
under consideration in this paper, appear to be responsible for the present day 
controversies regarding the treatment of patients so injured. The wide dis- 


parity of viewpoint among those of seemingly equal authority concerning the 


* Read before the New York Surgical Society, November 23, 1938. Submitted for 
publication October 31, 1938. 
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treatment of patients with craniocerebral injuries has been indicated by direct 
reference in a previous paper.t The opinions expressed by many of these 
authors seem to represent personal impressions empirically arrived at and 
based largely upon their clinical experience. Until further controlled investi 
gations shall replace concepts reached chiefly by inference, our understanding 
of these obscure cerebral dysfunctions will be retarded with the consequence 
that logical therapy will be delayed. The dearth of proper investigation may 
be for the most part attributed to the readiness with which authors and clini- 
cians resort to the apparently sufficient notion of “compression” as an explana- 
tion for the constitutional, neurologic, and psychologic alterations observed 
in patients with brain trauma. This notion, in turn, is traceable to the mis- 
directed application of findings derived from certain animal experiments to 
clinical material. The inappropriateness of this adaptation becomes apparent 
when the materials and methods of experimental conditions are compared with 
the circumstances attending traumatic cerebral insults. In the animal, the 
physiologic alterations in blood pressure, pulse rate, respiratory rate and in- 
tracranial pressure were produced by pressure applied to the external surface 
of a brain possessed of an intact vascular tree, whereas in the traumatized 
human brain the lesion producing the dysfunction is usually intracerebral and 
is commonly associated with focal or more generalized thromboses of arterioles 
and venules. Thus it becomes evident that the concept of “compression” as 
an explanation of the altered physiologic state of the traumatized patient may 
be applied in relatively few instances. When the insufficiency of this tra 
ditional interpretation is widely recognized, new approaches to the problem 
may be devised and may prove of value in the delineation of further clinical 
entities, their pathogenesis, diagnosis, prognosis and treatment. 

A study of the historic development of the treatment of brain trauma since 
the time of Duret? and von Bergmann® reveals two dominant influences. The 
first of these was the demonstration of the ‘four classical stages of brain 
compression” by Kocher* and Cushing.® ® * The second was the finding of 
Weed and his collaborators*® that increased intracranial tension may be in 
fluenced by changing the osmotic pressure of the blood through the agency of 
hyper- and hypotonic solutions. 

According to Kocher the following sequence of events dependent upon 
increasing intracranial compression is noted: 

(I) Stage of Accommodation: When an expanding agent begins to en 


croach upon the intracranial contents, its earliest effect is to displace some of 
the cerebrospinal fluid from the cranial vault. The cerebral venous bed is the 
first to suffer the effects of this compression because of its relatively low ten 
sion, and the capillary vessels are the next in order. As yet, however, the 


induced intracranial changes exert no recordable response on the part of the 
systemic circulation. Headache, focal signs, apathy, drowsiness and slight 
distention of the retinal vessels constitute the chief manifestations. The 1 
mediate prognosis in this stage is good and calls for expectant treatment. 
(II) Stage of Early Manifest Symptoms: When the effect of the increasing 
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intracranial tension is sufficient to expel blood from the capillaries, anoxemia 
of the vital bulbar centers reflexly elicits a slight rise in systemic blood pres- 
sure. The stimulation of the vagal centers under the same circumstances pro- 
duces a retardation of the pulse rate and a bounding character of the systolic 
impulse. Venous congestion of the head is revealed by facial cyanosis and 
dilatation of the venules of the lids and retina. Headache increases and ex- 
citement, vertigo, restiveness, delirium and unnatural sleep supervene. Focal 
signs, if present, become exaggerated and the respiratory rate is slowed. The 
immediate prognosis for life in this stage remains good. 

(IIT) Stage of Advanced Manifest Symptoms: As the compressing force 


increases, capillary anemia and arteriolar stasis become severe and the medul- 














Cuart 1.——Illustrates the alterations in blood pressure 
and pulse rate following a rise in intracranial pressure 
according to the experimental findings in animals as noted 
by Kocher, Cushing and Cannon After recovery from 
the initial shock, as the progressive increase in intracranial 
pressure is established, no change is imposed on the blood 
pressure and pulse rate until the intracranial pressure be- 
comes equal to the diastolic and/or’ mean arterial pressure. 
When these levels are reached the blood pressure rises and 
the pulse rate falls. With increasing embarrassment, medul- 
lary failure appears and collapse becomes clinically evident. 
Sy.=Systolic pressure; Dia.=Diastolic pressure; P.=Pulse; 
Sp.=Cerebrospinal fluid pressure. (From Browder and 
Meyers: Am. J. Surg., 31, 3, 403-426, 1936.) 
lary response produces a high blood pressure which is characterized by irregu- 
lar fluctuations. The pulse takes on a typical vagal quality and its rate falls 
to 40 or 50 beats per minute. Cyanosis becomes extreme. The respirations 
are effortful, often characterized by periods of apnea or at times by Cheyne- 
Stokes cycles. The pupils may be disparate and may vary in size from time 
to time. The optic disks are choked. Reflexes are abolished. The mental 
state may range between deep coma and excitability. .The prognosis in this 
stage is grave and immediate surgical intervention is required. 

(IV) Stage of Medullary Collapse: As the intracranial pressure con- 
tinues to increase, the overstimulation of the vital bulbar centers leads to their 
exhaustion. The blood pressure drops steadily, the pulse rate is accelerated, 
the cardiac rhythm becomes irregular and the heart action becomes poor. The 
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patient now presents the picture of shock. All reflexes are abolished. The 
pupils dilate and become fixed to light. Coma deepens and urinary incon- 
tinence occurs. Irregularities in the respiratory cycles are finally followed 
by respiratory failure. In this stage, prognosis is believed to be hopeless, 
regardless of the treatment employed. 

Cushing, following the lead of Kocher, demonstrated experimentally in 
progressively increasing intracranial tension, the step-like rise of blood pres 
sure which marks the period of medullary compensation. He’ proposed the 
following principle: ‘“‘An increase of intracranial tension occasions a rise of 
blood pressure which tends to find a level slightly above that of the pressure 
exerted against the medulla.”” The schematic representation, Chart 1, com 


MEDULLARY STIMULATION —><+—MEDULLARY: 

4 wren Ma + FAILURE, -~— 

5 6 6 5 
Cuart 2.—Illustrates the course ot events following a 
rise in intracranial pressure according to a conception widely 
employed and taught in surgical practice. After recovery 
from the initial shock, the intracranial pressure rises, and 
there are a pari passu rise in the blood pressure and fall in 
pulse rate until medullary failure ensues. From this point 
on, the blood pressure falls, the pulse races and_ shock 
becomes evident, leading almost inevitably to death. (From 
Browder and Meyers: Am. J. Surg., 31, 3, 403-426, 1936.) 











bines the findings of Cannon® relative to the intracranial change immediately 
consequent upon trauma and the changes observed by Cushing® under the 
experimental circumstances of increasing intracranial tension. Cushing later 
expressed the conviction that the data so acquired are clinically applicable 
and have their parallel in the physiologic disturbances resulting from sudden 
brain insults in the human, such as may occur in certain cases of apoplexy and 
several types of cerebral trauma. To quote his‘ conclusions regarding this 


point: “Varying degrees of rapid increase in intracranial tension produce co! 


responding disturbances in the intracranial circulation. To these circulator) 
disturbances the symptoms of compression are solely due. The condition 
known as acute cerebral compression may be conveniently subdivided into fou 
stages dependent upon the degree of circulatory alteration which has bee: 
reached. Each of the stages has its own more or less characteristic sympton 
complex. 

“The major or underlying symptoms originate in the centers situated in t! 
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medulla and are only called out when the degree of intracranial tension begins 
to approach the arterial tension so that anemia is threatened. A circulatory 
condition in the medulla which borders upon anemia has the effect of stimu- 
lating the vasomotor center. Thus a rise in blood pressure is occasioned 
which restores the local circulation. The extent of this rise may be taken as 
an indication of the degree of advancement of the compression. Beyond a 
certain point, however, this reaction cannot take place. The vasomotor center 
under these circumstances fails and the respiratory efforts cease entirely. 

“In conjunction with other symptoms a progressive increase in arterial 


pressure or a high degree of the same which has already been reached, or 














CuHarT 3.—Illustrates the relationship of cerebrospinal 
1id pressure, pulse rate, respiratory rate and blood pres- 
ure in a patient, age 24, having a fracture of the skull and 


a clinically unrecognized epidural hemorrhage. The course 


of events during a 72 hour period, beginning within an hour 

of injury and ending at death, is recerded A lack of con- 

formance to the theoretically expected pattern is evident. 

Sp. P.=Cerebrospinal fluid ..=Respirations; P. 

Pulse; T.=Temperature; Sy ystolic pressure; Dia.=Dia- 

stolic pressure. (From Browder and Meyers: Am, J. Surg., 

31, 3, 404-426, 1936.) 
a pressure which exhibits, from moment to moment, great alterations in level 
may be taken as a certain indication of the advisability of early operative 
intervention. The intracranial tension should be relieved by the elevation 
of a large osteoplastic flap from one hemisphere or the other with a cor- 
responding opening in the dura.’”’ Following this dictum, the treatment of 
cerebral injury was generally posited on the idea that cerebral compression 
is the prime factor in the production of the clinical picture. The decompres- 
sion operation, therefore, was widely practiced in the treatment of brain 
trauma and in certain clinics to-day this surgical procedure is a commonly 
employed therapeutic measure. It is to be noted that in none of the human 
cases submitted by Cushing in substantiation of his conclusions did there 
appear any records of the mensuration of the cerebrospinal fluid pressure or 
of other methods of determining the intracranial tension. 
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Gradually there evolved in surgical teachings a clinical adaptation of the 
experimentally acquired idea, namely, that the observed alterations of blood 
pressure and pulse rate in an instance of brain trauma constitute a reliable 
index of the magnitude of intracranial tension and, therefore, of the indica 
tion for treatment (Pearce Bailey’? and Janeway!!). The basic features of 
this modification are graphically recorded in Chart 2. While the deductions 


from animal experiments possess at least the virtue of holding true for the 
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Cuart 4.—lIllustrates the relationship of cerebro- 
spinal fluid pressure, pulse rate and blood pressure in a 
patient, age 39, having a fracture of the skull and cerebral 
lacerations, subdural and subpial hemorrhages, multiple 
petechial hemorrhages and diffuse cerebral edema. The 
course of events during a 15 hour period, beginning within 
an hour of injury and ending at death, is recorded. As 
in Chart 3, a lack of conformance to the classical pattern 
is evident. (From Browder and Meyers: Am. J. Surg., 
31, 3, 403-426, 1936.) 


conditions of the experiment, there is nothing from experimental sources and 
little from clinical data to substantiate the teachings as represented in Chart 2. 

The inability of the present writers to interpret clinically: the altered brain 
functions of many traumatic cases in terms of the classical teachings led to 
a systematic study! of the behavior of the blood pressure, pulse, respirations, 
state of consciousness and cerebrospinal fluid pressure following craniocere- 
bral injury. It was concluded from these investigations that measurable in- 
creased intracranial tension is rarely capable of producing medullary paralysis 
in cases of fatal head injuries. The classical pattern of signs consisting of 
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a steady rise above normal levels of systemic blood pressure, concomitant 
fall in pulse rate, decrease in respiratory rate, stupor, vomiting, etc., which 
has been alleged to indicate that the intracranial pressure is on the increase 
was not observed in this series of patients with brain insults. The conviction 
was, therefore, expressed that whether singly or in combination, the blood 
pressure, pulse rate, respiratory rate and the state of consciousness cannot 
be reliably regarded as an index of intracranial tension. Furthermore, re- 
peated mensuration of the cerebrospinal fluid pressure cannot be made a 
criterion of the clinical state of the patient, his likely future course and the 


indication for therapy. Charts 3, 4, and 5 are examples of records of the 





Cuart 5.—Illustrates the relationship of cerebrospinal 
fluid pressure, pulse rate, respiratory rate and blood pres- 
sure in a patient, age 28, having a fracture of the skull and 
probably diffuse intracerebral hemorrhages and edema. The 
course of events during a 22 hour period, beginning within 
an hour of injury, is recorded. Rapid recovery ensued. 
Again, as in Charts 3 and 4, there is noted a wide departure 
from the schema usually taught (From Browder and 
Meyers: Am. J. Surg., 31¢ 3, 403-426, 1936.) 


or 


ginal 23 studies in these series. It may readily be seen that the bizarre 
patterns illustrated by these charts are irreconcilable with the classic Kocher 
schema. In fact, in clinical practice one rarely encounters a measured intra- 
cranial pressure which even remotely approaches the magnitude of that 
demonstrated by animal experiment to be necessary (80-100 Mm.Hg.) to 
alter the blood pressure and pulse rate. It is of further interest that in some 
of our earlier experiences, patients were encountered with stupor, elevated 
blood pressure, slow pulse rate and other manifestations which, according to 
the usual teaching, would have presaged the existence of a high degree of 
intracranial tension, in whom at operation the brain was found to be as much 
as I to 2 cm. below the dural surface of the skull. 

In order to properly evaluate the constitutional and neurologic manifes- 
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tations arising from increasing intracranial pressure in the human, under 
circumstances comparable to those obtaining in the animal experiments re- 
ferred to above, a group of patients with large cranial defects was studied 
and the results reported in a previous communication.’? Under the condi- 
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Cuart 6.—Illustrates the relationship of cerebrospinal fluid pressure, pulse rate and blood pres 
sure in a patient, age 52, who had undergone a partial extirpation of a left frontotemporal glioblas 
toma multiforme one and one-half months before. Through the resulting skull defect, the 
intracranial pressure could be readily altered. Although an intracranial tension, well above that 
usually encountered clinically, was sustained for 90 minutes, the expected alteration of blood 
pressure and pulse rate was not encountered Hd. P.=Head pressure; Sy.=Systolic pressure; 
Dia.=Diastolic pressure; P.=Pulse; Sp. P.=Cerebrospinal fluid pressure; Resp.=Respirations. 
(Arch. Surg., 36, 14, 1938.) 


Cuart 7.—Illustrates the relationship of cerebrospinal fluid pressure, 
pulse rate and blood pressure in a patient, age 39, who had undergone a 
subtotal extirpation of a right parieto-occipital glioblastoma multiforme three 
months before. Through the resulting skull defect, the intracranial pressure 
could be readily altered. Although an intracranial tension, well above that 
usually encountered clinically, was maintained in the early part of the experi- 
ment, neither arterial hypertension nor bradycardia appeared. Only when 
the intracranial tension exceeded, in millimeters of mercury, that of the 
diastolic and/or mean arterial pressures were significant systemic changes 
produced, and even these were not strictly according to the expected pattern, 
since the pulse rate changes followed, rather than ran counter to, those of 
the blood pressure. (Arch. Surg., 36, 15, 1938.) 


tions of this experimental set-up the intracranial pressure could be altered 
within limits to any desired extent by applying pressure over the cranial defect, 


and the resulting changes of the blood pressure, pulse rate, respiratory rat 
and state of consciousness recorded. A review of the records of 13 such 
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experiments led to the conclusion that no clinically significant alterations in 
blood pressure, pulse rate, respiration and mental state were produced by 
advancing the intracranial tension until this pressure reached or exceeded 
the level of the diastolic blood pressure. In general, support was lent to the 
observations derived from the animal experiments of Duret,? Kocher,* Cush- 
ng ® 7 and others. However, attention should again be directed to the fact 
that intracranial tensions of a magnitude sufficient to produce alterations in 
biood pressure, pulse rate, etc., are far in excess of those clinically encountered. 
Charts 6 and 7 are graphic representations of the observations made in two 
of the human experiments in this series. The important implication arising 
from these experiments is that, in a consideration of altered constitutional 
and psychologic states in a patient with brain trauma, it becomes necessary 
to postulate factors other than increased intracranial tension to explain such 
changes. 
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Cuart 8.—Illustrates the relationship of cerebrospinal fluid pressure, pulse rate and blood pressure 

1 a patient, age 19, who had a midline cerebellar astrocytoma A needle was passed into the right 

lateral ventricle, and through this, physiologic saline was injected so as to alter the intracranial tension. 

t may be seen that the vital signs were not appreciably altered by acute elevations of the intracranial 

pressure to levels well above those usually recorded clinically. Sy.=Systolic pressure; Dia.= Diastolic 

ssure; P.R. = Pulse rate; Hd. =Intraventricular pr ire; Sp. P. = Cerebrospinal fluid pressure; 
Respirations. 


The information obtained from both clinical and experimental investiga- 
tions in man, relative to the factor of intracranial tension, appears to place 
this agent in a role of small significance, at least with reference to its utility 
in accounting for the altered vital signs associated with severe trauma of the 
brain. Nevertheless the question arose as to whether pressure exerted from 
within the ventricular system might not prove adequate to alter the blood 
pressure, pulse rate, respiration and mental state at a magnitude considerably 


less than that found necessary to effect such changes when applied to the 


external surface of the brain. Therefore a method* was devised whereby 
the intraventricular pressure could be directly altered and the effect on the 

* With the patient lying in the lateral position, a ventricular needle was introduced 
into the lateral ventricle and secured in place by a special device designed to prevent the 
escape of cerebrospinal fluid. Through this needle saline solution could be injected under 
controlled pressure. The experimental set-up was such that at intervals the blood pres- 
sure, pulse rate, respiratory rate, cerebrospinal fluid pressure and intraventricular pressure 
could be recorded. 


365 








BROWDER AND MEYERS Annals of Surgers 


September, 19 


vital signs of an increase in tension could be recorded. In a series of five 
such experiments the results obtained were essentially consistent with thos« 
observed following the application of an external pressure agent. Charts 8 
and 9 are graphic illustrations of the results obtained under these conditions 
These findings appear to warrant the exclusion of increased intraventricular 
pressure as an adequate explanation for the observed clinical alterations of 
vital signs in patients with brain trauma. 

These three lines of evidence concerning the factor of cerebral compres- 
sion—that derived from observations on the behavior of the systemic blood 
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CuHarT 9.—Illustrates the relationship of cerebrospinal fluid pressure, pulse rate and_ blood 


pressure in a patient, age 32, with a well established hysteria characterized by mutism. A needle 
was passed into the right lateral ventricle, and through this physiologic saline solution was injected 
so as to alter the intracranial tension. As in Chart 8, the changes in the vital signs that were 


produced by the marked acute elevations of intracranial tension were clinically insignificant and 
in any case were not those of the clascically expected pattern. Sy.=Systolic pressure; Dia.=Dia 
stolic pressure; P. R.=Pulse rate; Resp.=Respirations; Sp. P.=Cerebrospinal fluid pressure; Hd 
P.=Intraventricular pressure. 
pressure, pulse and spinal fluid pressure following craniocerebral injury ; that 
from the alterations in vital signs associated with changes in intracranial ten- 
sion experimentally produced by an external pressure agent; and that from 
the alterations in vital signs associated with changes in intracranial tension 
experimentally produced by the application of an intraventricular pressure 
agent—lend strong support to the view already expressed, namely, that the 
changes in the constitutional, neurologic and psychologic states of patients 
showing evidence of severe trauma of the brain, are not applicable in terms 
of increased intracranial tension per se. The indication for decompression 
procedures would appear to be rare in the light of the foregoing, and in point 
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of fact, this same conclusion has been empirically reached on clinical grounds. 
This contention may be held to apply with equal force to repeated drainage 
of cerebrospinal fluid by lumbar puncture when this has as its primary goal 
the reduction of intracranial pressure. This does not mean to imply that 
patients are never encountered in whom the reduction of even a mildly in- 
creased intracranial tension may not favorably influence the vital signs for a 
short period. In such cases, however, our interpretation has been that the 
less obvious factors consequent upon craniocerebral violence (‘‘intracellular 
edema,” “fluid imbalance,” “intramolecular derangements,” efc.) are present 
and probably are the prime determinants of the altered vital signs. That such 
lesions may in turn be further changed by mechanical factors producing in- 
creased intracranial tension is reserved as a definite and plausible probability. 
Examples of this kind, however, are few. 

If, then, the treatment of the majority of patients with severe brain in- 
juries is not to be directed at the mere reduction of intracranial tension, it 
must of necessity be concerned with an attempt to improve the function of 
the damaged intracerebral tissues by other means. There are several merito- 
rious contributions dealing with the histopathology of cerebral tissues altered 
by trauma.'* 1415 However, in the present state of our knowledge, little of 
a precise nature is known concerning the correlation between these lesions 
and the dysfunction produced thereby. ‘Much less information is available 
regarding the underlying biochemical and biophysical cellular changes. 
Whether the effects of the trauma are imposed directly on the parenchyma 
of the brain or whether the changes are secondary to humoral (blood and 
cerebrospinal fluid) alteration, cannot be stated. Here is a field sorely in 
need of careful investigation. 

In the historic development of the treatment of brain trauma, the contribu- 
tion of Weed and McKibben,® which appeared in 1919, stands as the second 
dominant influence. These workers demonstrated, in a series of well con- 
trolled experiments, that the intracranial pressure could be reduced in the 
normal animal by the intravenous injection of hypertonic solutions. Clinicians 
were prompt in recognizing the applicability of this finding to therapeutics and 
employed it widely in the management of a variety of intracranial lesions. 
The early optimism attending the use of these solutions (dextrose and sodium 
chloride) was somewhat tempered by the experience that an occasional patient 
treated in this manner showed an immediate untoward reaction. Accordingly, 
in 1929, one of us (Browder'*) carried out observations of the sequence of 
physiologic events following the intravenous administration of a 100 cc. dose 
of 50 per cent dextrose solution. In a series of five patients, all of whom 
presented clinical evidence of recent brain trauma, there was disclosed, fol- 
lowing the injection, the expected initial reduction in cerebrospinal fluid pres- 
sure, but within the course of one and one-half hours there ensued a secondary 
rise to a level approximately 4 Mm.Hg. higher than that initially recorded. 
In a second group consisting of three patients also with recent brain trauma, 
the immediate response to the injection of this dose of hypertonic dextrose 
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solution was a rise in the cerebrospinal fluid pressure of approximately 8 Mm 

Hg. At no time during the period of observation following the injection was 
there noted a fall of pressure below that of the control period. <A third type 
of reaction was that observed in a severely injured patient in whom there 
occurred, almost immediately after the administration of the dextrose solution, 
an abrupt rise of the systolic and diastolic blood pressure and a concomitant 
rise in the cerebrospinal fluid pressure from the control level of 28 Mm.Hg. 
to a maximum of 66 Mm.Hg. within a 15 minute period. Attending these 
changes the respiration became accelerated and labored, the pulse rate rose 





CuarT 10,—Illustrates the relationship of cerebrospinal fluid pressure, pulse rate and blood pressure 
in a patient, age 28, with a severe craniocerebral trauma. Nine hours after injury 100 cc. of 50 per 


cent solution of dextrose were injected intravenously. The fall of cerebrospinal fluid from 15 Mm.Hg 
to 4 Mm.Hg. following the introduction of the needle could not be explained. As recorded, there was 
a rise in cerebrospinal fluid pressure subsequent to the injections. The independent readings at 360 


minutes after the infections were made two hours before a second administration of a similar amount 
of dextrose, the effects of which are recorded in Chart 11. 

to an extreme level, cyanosis appeared and the patient died one hour and 50 
minutes following the injection. This latter experiment dramatically demon- 
strated that the use of hypertonic dextrose solution in the routine treatment 
of patients with recently inflicted brain trauma is not without danger. In 
1932, Jackson,'* on the basis of findings derived from similar experiments, 
arrived at the same conclusions. Consequently, hypertonic solutions were 
employed by us with much reserve during the first 48 to 72 hours following 
injury. Between 1930 and 1936, many clinical observations were made fol- 
lowing the use of hypertonic solutions, and the unpredictable reactions ob- 
served indicated that our understanding of the physiologic actions of these 
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lutions was wanting. Therefore, in 1936, experiments, similar in principle 


uit more elaborate than those initially conducted, were resumed by Dr. Floyd 
Bragdon, then Resident Neurosurgeon at the Kings County Hospital. Thus 
far, detailed observations of the effects of various hypertonic solutions on 
the intracranial tension as measured by the cerebrospinal fluid pressure have 
been recorded in 52 experiments. The solutions used in these experiments 
include sodium chloride, dextrose, sucrose and the new pharmaceutic prepa- 





Cuart 11.—Illustrates the relationship of cerebrospinal fluid pressure, 
pulse rate and blood pressure in the same patient referred to in Chart 1o. 
Here, by contrast with its earlier rise, the cerebrospinal fluid pressure was 
reduced following the intravenous injection of an hypertonic solution. The 
capricious character of response is to be emphasized 


ration, sorbitol. It may be stated, on the basis of these investigations, that 
in the normal human as in the animal experiments of Weed,’ the hypertonic 
solutions usually effect a reduction in cerebrospinal fluid pressure when ad- 
ministered intravenously. In contrast to this action, it was noted that follow- 
ing the administration of these solutions to patients with clinical evidence 
of brain trauma, the physiologic effect on the cerebrospinal fluid pressure 
could not be predicted. Charts 10 and 11 graphically illustrate the capricious 
character of the effects recorded following two successive intravenous injec- 
tions of dextrose in one such patient. There is no well substantiated explana- 
tion for these irregularities. 

n the basis of the data derived from the 1929 series of experiments, it 
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was proposed at that time that the interruption of the cerebrovascular channels 
by trauma establishes a physiologic disturbance so that hypertonic solution; 
frequently do not produce the expected effect. The more recent experiments 

Doctor Bragdon have shown that these abnormal reactions may be en 
countered in a variety of cerebral lesions other than those due to trauma and 
that anatomic interruption of the vascular tree is not an essential prerequisite. 
In the light of this evidence it seems defensible to hold that the routine use 
of hypertonic solutions in the treatment of patients with brain trauma is not 
only ineffective in certain cases, but may actually produce untoward reactions. 
Under circumstances in which it seems desirable to utilize this form of treat 
ment, it must be understood that the fall in cerebrospinal fluid pressure, if it 
occurs at all, is seldom sustained at the reduced level for a period of more 
than one and one-half to two hours and that undesirable effects may on occa- 
sion follow its use. 

A review of the several lines of evidence thus far presented leads again 
to a recognition of the point to which reference has already been made, namely, 
that the development of rational methods of treatment for that group of 
patients which represents the object of our present inquiries awaits a more 
precise understanding of the pathologic physiology underlying intracerebral 
trauma. To-day, as formerly, the treatment of the majority of patients with 
severe brain damage, exclusive of those with depressed fractures of the skull, 
epidural and subdural hematomata and large intracerebral clots, remains highly 
empiric. Therefore, when the surgeon encounters a clinical problem in 
craniocerebral trauma his first responsibility is to determine with reasonable 
certainty whether there is present one or more of these four operatively ame- 
nable lesions associated with the more generalized trauma of the brain. Inas 
much as reliable differential diagnosis is commonly not possible on the basis 
of clinical findings alone, methods of greater precision become necessary. It 
has been quite generally accepted that routine roentgenologic examination of 
the skull be employed in order to establish the position of the falx cerebri and 
pineal body. It has been our experience that while this measure may aid in 
determining the presence of an intracranial blood clot of surgical significance, 
it is incapable of indicating the location of the lesion with exactness. Further- 
more, we have occasionally met cases in which, paradoxically enough, the 
falx occupied a midline position and in which a sizable intracranial hematon 
was proven to exist. In addition, it is to be recognized that calcific deposits 
upon which the roentgenographic demonstration of the pineal body depends 
are rarely present in young individuals and are absent in a fair percentage of 
adults. 

Accordingly, in relatively fresh cases demanding prompt and _ precise 
diagnosis as a basis for therapy, we have resorted to aerographic roentgen- 
ologic studies of the head. One of two methods is open to us here: The in- 
troduction of 40 to 60 cc. of air as contrast medium into the subarachnoid 
space of the lumbar thecal sac (encephalography), or the introduction of 
directly into the ventricular system in quantities sufficient to obtain complete 
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filling (ventriculography). Our experience during the past five years has 
established the usefulness of this method of examination, indeed, its indis- 
pensability in the management of certain instances of severe brain injuries. 

When the diagnostic issue, in a given case, has been resolved to the exclu- 
sion of the surgically amenable lesions by the application of one or a combina- 
ion of the above methods, the management of craniocerebral trauma reduces 
itself to palliative, supportive and hygienic measures. These include the 
following : 

(1) A position in bed which permits an unobstructed return of venous 
blood from the head and a free respiratory exchange: these requirements are 
usually best met in a moderate Fowler’s position with the patient turned on 
the side in such a posture as to permit the tongue to gravitate forward and to 
vive free drainage of mouth and nasal secretions. Careful turning from side 


to side, in log fashion, at periodic intervals will aid in the prevention of 
hypostatic congestion, 

(2) Sufficient sedation to insure against excessive motor activity: chloral 
hydrate bromides, paraldehyde and the barbiturates have proven useful for 
this purpose. 

(3) Mechanical restraint to prevent further injury: there are several 
methods of restraining a patient, all of which possess merit provided certain 
precautions are exercised. A crib type of bed is an indispensable necessity. 
When applying restraints in the form of camisoles, twisted sheets, cuffs and 
other devices which immediately contact the body, particular care should be 
taken that no undue traction is exerted against the axilla lest the nerve trunk 
coursing from the brachial plexus be damaged. Bony prominences should 
be padded to prevent the occurrence of cutaneous abrasions. 

(4) The control of body temperature: this important item calls for the 
simultaneous recording of both axillary and rectal temperatures at two hour 
intervals during the first 36 hours following the injury. In the event that 
the rectal temperature rises above 102° F., brisk rubbing of the skin with 
warm wet cloths followed by fanning is to be instituted and continued until 
the temperature falls below this critical level. If the temperature cannot be 
controlled by these measures, colonic instillation of cold tap water in quanti- 
ties of one to two liters may be resorted to. Each instillation of cold tap 
water should be left in the colon for five to seven minutes after which it is 
to be drained away and replaced. This may be repeated until the desired 
reduction of temperature is attained. The axillary temperature should be 
recorded every ten minutes during this procedure and ought not to be re- 
duced below 100° F. Too rapid a reduction of temperature is to be avoided, 
and the appearance of cyanosis is a signal for the temporary interruption of 
the treatment. Under exceptional circumstances it may be necessary to resort 
to wet packs. The point to be given emphasis is that temperatures are more 
readily controlled at lower levels than when they exceed 104° F. 

(5) The maintenance of an adequate water balance and of the patient’s 
nutrition : the early passage of a Levine tube through the nose in nonresponsive 
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patients serves several purposes. Through it magnesium sulphate in three 
ounce doses may be introduced. The dehydrating action of this purgative 
may have a beneficial cerebral effect and in any event the purgation produced 
may aid in cleansing the gastro-intestinal tract of noxious substances. A body 
fluid balance may be maintained by the administration of fluids and food 
through the tube thereby making repeated introduction of subcutaneous and 
intravenous fluids unnecessary. In general two liters in a 24 hour period is 
an average quantity, but the amount of fluid administered will of necessity 
be governed by the degree of febrile state prevailing. In any case an excessive 
dehydration is to be avoided. The length of time these measures are to be 
continued will naturally depend on the progress of the patient. On occasion 
they have been employed to a successful conclusion for as long a period as 
five weeks. 


SUMMARY AND CONCLUSIONS 


It may be held that the traditional account of the manifestations of cranio- 
cerebral trauma in terms of brain compression is incapable, in the majority 
of cases, of being reconciled with the data derived from clinical, pathologic 
and experimental investigation. Similarly, explanations attributing the ob- 
served changes to such gross lesions as lacerations, contusions, subarachnoid 
hemorrhages and edema fail, except in a few instances, to provide satisfying 
answers. The evidence available rather indicates the necessity of experi- 
mental inquiry into the nature of the more subtle pathologic intracerebral 
disturbances, particularly of the derangements of the physicochemical con- 
stitution of nerve cells and their processes. Until precise knowledge along 
such lines is acquired, bringing with it an understanding of the pathogenesis 
of the majority of severe cerebral injuries comparable to that at present 
possessed in connection with epidural, subdural and intracerebral hemorrhages 
and with depressed fractures of the vault, just so long will treatment remain 
empiric. 

Since it has been demonstrated that increased intracranial tension is rarely 
the basic problem in craniocerebral trauma, it is evident that efforts to reduce 
it, by either surgical or chemical means, are largely misdirected. Further- 
more, and this with particular reference to patients having severe degrees of 
brain damage, the indiscriminate use of hypertonic solutions may produce 
unexpected and untoward results. 

The proper management of head injuries requires the clinician to deter- 
mine whether or not there are present any of the following lesions: significantly 


depressed fractures of the vault and epidural, subdural and intracerebral 
hematomata. These alone may be benefited by surgical procedures. Other 
pathologic processes than these call for the institution of supportive measures 


and, inasmuch as they frequently complicate the operable type of lesion, 

similar treatment will in a majority of cases be required to supplement the 

surgical therapy. Differential diagnosis is often rendered difficult by virtue 

of the fact that generalized cerebral insults commonly coexist with the sur- 
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gically amenable conditions. In such problems, cerebral aerography may help 
to clarify the diagnosis. It has proven an almost indispensable agent in our 


hands and experience has shown that it may be carried out with reasonable 


safety even in recently injured patients. 
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Discuss1on.—Dr. Ira CoHeN (New York) said that Doctor Browde: 
had shown by experimental evidence that which the modern trend of clinical 
experience has demonstrated, namely, that in the operative treatment of head 
injuries one must have a focal point of attack. In other words, the surgeon 
operates for depressed or compound fractures; for collections of blood above 
or below the dura; and, in rare instances, for a collection of blood in the 
cerebral substance. The trend nowadays has been away from decompressions 
for generalized decreased intracranial pressure. Bradycardia is not a true 
index, as such, of increased intracranial pressure. It is not always present 
when pressure is high; and all surgeons have seen patients after a head 
trauma who have had bradycardia for weeks without other evidence, either 
subjective or objective, of increased intracranial pressure. On the other 
hand, almost all know from their work in brain abscesses and brain tumors 
that increased cranial pressure, particularly in abscess cases, can and does 
show itself by bradycardia. Finally, measuring the pressure of the cer¢ 
brospinal fluid by spinal puncture is not always a true index of the intra 
cranial pressure. Doctor Browder has had numerous occasions, as have all 
surgeons who operate upon brain tumors or deal with advanced papilledema, 
where, upon incising the dura, the brain tends to herniate, yet, in the pre- 
operative stage of such a patient, the intracranial spinal pressure was within 
normal limits. Doctor Cohen said that he had not had an opportunity to 
carry out air studies in acute traumatic cases, but regarded them of great 
value in some instances. Doctor Browder, he said, had found them of value 
either by direct injection into the ventrical or by endolumbar injection. Doctor 
Cohen felt that if he were to employ air, he would be inclined to inject it into 
the ventricle, as being the safer procedure. Moreover, inspection through the 
bur hole might of itself be of diagnostic value. Doctor Cohen said that he was 
a firm believer in, as a routine, at least a diagnostic puncture when the 
patient enters the hospital, particularly in mild cases of head truma, for, 
all too frequently, in what seems to be a very mild trauma one finds evidence 
of subarachnoid bleeding. In spite of the fact that hypertonic solution some- 
times gives a reverse reaction and raises the level of the spinal fluid pressure, 
there are times when its use is indicated in selected cases, though not as a 
routine. There should not be a routine in handling these cases at all because 
each is a law unto itself. Yet a restless patient, resistant to relatively large 
doses of sedatives, will often quiet down promptly after a lumbar, or after 
the use of an intravenous hypertonic solution. Doctor Browder’s investiga- 
tion is particularly important in that it shows that there is an as yet unex- 
plained factor in head injuries, unexplained from the very start. What is 
back of the picture of concussion is not known; from there on right straight 
through to the case of the patient who dies following a head injury and in 
whom microscopic examination reveals no cause. Investigations such as 
Doctor Browder’s enable one to separate the explained from the unexplained, 
with a view to some day understanding the unexplained factors. 


Dr. JEFFERSON BROWDER (closing ).—In answer to Doctor Berry’s question 
regarding the use of morphine in the treatment of patients with craniocerebral 
injuries stated that there had been a general impression that morphine sulphate 
was a dangerous drug to give a patient during the acute phase of a head injury. 
Detailed observations concerning the alterations in cerebrospinal fluid pres- 
sure following subcutaneous injection of morphine (gr. 144) show a definite 
rise in the spinal fluid pressure. Similar studies carried out after the ad- 
ministration of luminal and avertin demonstrated a somewhat comparable 
rise in cerebrospinal fluid pressure. It seemed that any drug that had a 
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sedative effect, if given in moderately large doses, would probably raise the 
cerebrospinal fluid pressure. 

Doctor Browder said that Doctor Goetsch justly raised the question of the 
usefulness of decompression operations in the treatment of brain trauma. 
\lso whether patients with mild to moderate brain trauma may not present 
signs and symptoms dependent upon an excessive production of cerebrospinal 
fluid as contrasted with the more seriously injured ones who often showed 
no evidence of increased cerebrospinal fluid pressure. Subtemporal decom- 
pression was considered most effective where there was an accumulation of 
blood or cerebrospinal fluid in the subdural space. No doubt, there were in- 
stances of increased intracranial tension secondary to trauma that may be 
improved by this operation ; however, the studies of Doctor Browder and his 
coworkers during the past eight years indicated that “pressure,” in some cases, 
may be considered a contributing factor but certainly not the primary issue. 
Whether or not there was an excess of cerebrospinal fluid in the mild to 
moderate degrees of head trauma could not be stated. 
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THE active stage of a massive hemorrhage from a peptic ulcer occasionally 
confronts one with the necessity of deciding whether to operate as a life-sav- 






ing measure. This decision as to operative intervention is most difficult in 






any case, and unfortunately the difficulty is enhanced by the varying concep- 





tions of hospitals regarding cases included under the category of massive 





hemorrhage. Obviously, also, the indications for both medical and surgical 






treatment are inevitably variable. It is, therefore, worth remembering that 






the following conclusions are drawn from cases in a large municipal hospital 





with an active ambulance service. They would not necessarily have equal 






validity elsewhere. 






The surgeon, during the past decade, has become ultraconservative in 






treating patients with massive hemorrhage from a peptic ulcer. As a result 






the gastro-enterologist has assumed greater responsibility in handling these 






cases—and his teaching is that a fatality from hemorrhage occurs, seldom, if 





ever. The surgeon with an active hospital service, however, who must handle 







some of the more desperate cases of massive hemorrhage, is aware that a 






certain percentage of these will prove fatal under any method of conservative 






management. In our experience, approximately 10 per cent of the patients 






with massive hemorrhage have died in spite of the conservative treatment. A 






consideration of this group, in which conservative measures fail, is the chief 






object of this paper. 
The proportion of peptic ulcers in which massive hemorrhage results must 







be analyzed from the standpoint of patients who have been hospitalized and 






those under an ambulatory regimen. Thus, on the Fourth Medical and Surgi- 






cal Divisions at Bellevue Hospital, with a 200 bed capacity, 90 patients with 






peptic ulcer were admitted yearly, of whom 12, or 13 per cent, were admitted 





for massive hemorrhage. On the other hand, a review of 570 cases of un- 






operated ulcers in our clinic, all under proper medical supervision, shows 






that only 3.3 per cent suffered from massive hemorrhage. The condition 1s 






evidently several times more frequently observed in the more seriously ill 


eee 






hospitalized patients. 






During a 10-year period, from 1928 to 1937 inclusive, there were 135 






cases of massive hemorrhage, with a mortality of 12, under conservati 





medical management. It is interesting to note that of this group six died 
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without blood transfusions and six after one or more transfusions. It would 
seem, therefore, that a definite percentage of massive hemorrhages will prove 
fatal under either type of conservative management, i.e., regardless of trans- 
fusions. 

Another important factor, perhaps the most important factor, in the 
causation of massive hemorrhage is the location of the ulcer. It is the posterior 
duodenal ulcer that is most likely to prove fatal. In our 12 fatal cases of 
massive hemorrhage, we encountered gastric lesions of the lesser curvature 
in the pars media in only two instances, while the remaining ten were all 
cases of posterior duodenal ulcer with erosion through the wall of the duo- 
denum into the head of the pancreas with involvement of a branch of the 
superior pancreaticoduodenal artery. The diagnosis of this lesion has be- 
come important, chiefly because the gastro-enterologists, with the aid of the 
flexible gastroscope, are attributing a high percentage of massive hemorrhages 
to gastritis or superficial gastric erosions. (Benedict,? in 1937, emphasized 
this point.) Since the posterior duodenal ulcer frequently bleeds without 
having shown any previous gastric symptoms ( 18 per cent of our 135 patients 
had a negative gastric history), one must, therefore, be sure to rule out a 
posterior duodenal ulcer before one attributes the cause of gastric hemorrhage 
to gastritis. More than one negative gastro-intestinal roentgenologic series 
should be obtained; the gastroscope is of no aid in making a diagnosis of 
posterior duodenal ulcer. 

Patients who continue to bleed under medical management become the 
province of the surgeon. In these cases—the 10 per cent of massive hemor- 
rhages which do not respond to medical care—operation during the acute 
stage may be a life-saving measure. The chief point of concern, naturally, 
is the selection of the patients who urgently require such operation. 

In this respect blood transfusions may prove a helpful method of differen- 
tiation. Discussion still continues as to the advisability of transfusions dur- 


ing the acute hemorrhagic stage, but there seems to be no logical reason for 


delaying a transfusion, now that the “blood banks” and the general use of 


the citrate method have simplified the process. When the blood pressure has 
fallen to 80/60, the red cell count to 2,000,000 or less, and the hemoglobin to 
35 per cent or thereabouts, it is obvious that the patient needs supportive 
measures. A transfusion is the best way of overcoming the shock and the 
reduced blood volume. In addition, the transfusion may be our lead as to 
whether to operate or to continue conservative measures. 

lf, after 500 cc. of blood have been given, the red cell count, the hemo- 


oO 
dS 


vessel has been eroded. If the procedure is repeated and there is still no 


obin, and the blood pressure remain low, one may assume that a large 


improvement, it is fairly conclusive evidence that further delay may prove 
fatal. A continuous transfusion of 1,000 cc. of citrated blood should then be 
started and the patient operated upon as soon as possible. Further delay at 
this time would probably result in a fatality. 
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The type of patient in whom transfusions are futile, and who requires oper- 
ative intervention to avoid fatality, is illustrated in the following report: 











Case Report.—A male, age 27, was admitted to the medical wards in March, 1937, 
for severe pain due to chronic duodenal ulcer. He had suffered from the ulcer for four 
years and had required hospitalization for three weeks in November, 1936. At the time 







of his readmission, his pain was severe and could not be controlled by a Sippy regimen. 
Two weeks of hospital treatment produced no improvement and the patient was, therefore, 







transferred to the surgical service. 

While awaiting operation, he had a severe hemorrhage. Transfusion of 500 cc. of 
blood by the citrate method was carried out immediately, and when, six hours later, his 
condition had not improved, a second transfusion was given. The following morning 
(10 hours after the second transfusion) his pulse was 130; blood pressure 65/55; red 
blood count 1,800,000; and hemoglobin 30 per cent. The patient was evidently in severe 
shock and had apparently lost ground during the 24 hours since the hemorrhage had 
begun—in spite of the two transfusions. 

An immediate operation was advised, and 1,000 cc. of blood were given in preparation 
At operation a large posterior duodenal ulcer was found. The entire gastro-intestinal 
tract was filled with blood. A mass 20 cm. in circumference, surrounded by marked edema 















and involving the head of the pancreas and the hepatic flexure of the colon, was encoun- 
tered. A subtotal resection was performed. A perforated ulcer, 3 cm. in diameter, was 
found on the posterior duodenal wall, and a bleeder was observed from one of the branches 
of the superior pancreaticoduodenal artery. The hepatic flexure was adherent to the 








mass and an area, 1x0.5 cm. wide, had been eroded halfway through the wall of the 
intestine. Fortunately, the colon could be freed from the edematous pancreas, and the 
duodenal stump was closed with relative ease. The operation was completed by an anti- 






colic Pélya anastomosis. 
Immediately following the operation the patient was given 500 cc. of blood. He had 
an uneventful convalescence and was discharged on the sixteenth postoperative day. 









Comment.—We feel that without surgery this patient would have died 





as a result of the hemorrhage, as active arterial bleeding was still evident at 






the time of operation. The two preoperative transfusions and their fruitless- 






ness showed the necessity of immediate intervention and gave us the clue 






which saved the patient’s life. 
Operative Procedures—The type of operation to be performed depends 
on the location of the lesion. In the case of a gastric ulcer, simple excision 







may be sufficient. Unfortunately, however, most of these hemorrhages are 






due to ulcers of the mucosa on the posterior wall of the duodenum, and ex- 






cision of a duodenal ulcer that involves the pancreas is seldom feasible. 
We? have also found that 15.5 per cent of our patients having had a sub- 







total gastrectomy for chronic duodenal ulcer had two ulcers, one anterior 
and one posterior. In such cases, the unfortunate mistake may be made of 







excising the anterior ulcer and leaving the posterior one, which is the real 
offender. We have encountered patients in whom this had occurred. 

A gastrojejunostomy is of little aid in stopping or preventing the bleeding 
from a posterior ulcer. In a review of 106 cases of gastrojejunostomy, fol- 
lowed for seven years, we! found that 15, or 14 per cent, had been operated 
upon for massive hemorrhage, and that in 47 per cent of this group hemor- 
rhage had recurred later. Of the 91 cases operated upon for pain without 
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hemorrhage, 16.5 per cent had massive hemorrhage following the gastro- 
jejunostomy. 





The transduodenal operation with suturing or cauterization of the ulcer 





appears to be a rather unsurgical procedure, useful only in rare instances. 





We are dealing with a bleeder lying in a mass of inflammatory tissue and in- 





volving the head of the pancreas. Trying to suture and cauterize this area 





may be more dangerous than beneficial, for unless one single isolated vessel 





is encountered, the superior pancreaticoduodenal artery may be eroded by the 





cauterization. 





Some surgeons feel that ligation of the gastroduodenal and the right gas- 





tro-epiploic artery may suffice to control the hemorrhage from an ulcer, but 





study of the blood supply to the first portion of the duodenum makes this 





seem a procedure of doubtful value. The supraduodenal artery, first de- 
scribed by Wilkie,® in 1911, and confirmed by Reeves,* in 1920, with its an- 






terior and posterior branches, supplies the first one and one-half inches of 





the duodenum. It is essential to note the fact that this artery may arise from 
either the hepatic, the gastroduodenal, or the right or the left hepatic artery. 
This variable origin makes its localization difficult, if not impossible, in large 






ulcers with severe inflammatory reactions around the gastrohepatic and duo- 





denohepatic omentum. 
The most satisfactory method of attacking the bleeder appears to be by 






subtotal resection. In this one way, it is definitely possible to save a certain 






percentage of these otherwise doomed patients. The operation should be 





undertaken in all cases of massive hemorrhage where conservative measures 
are likely to fail. As indicated above, blood transfusions help to determine 






which these cases are. Lack of response to transfusion indicates the need for 






operative intervention. 









COM MENT 






Two blood transfusions of 500 cc. each are given as a means of determin- 
ing whether there is an arterial hemorrhage. If improvement does not occur, 





the patient should be operated upon in the stage of acute hemorrhage, while 





a continous citrate transfusion is maintained. It is surprising how well the 






apparently hopeless case will withstand such a major surgical procedure as 





a subtotal resection. 
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THE VALUE OF CECOSTOMY AS A COMPLEMENTARY 
AND DECOMPRESSIVE OPERATION * 


Frep W. Rankin, M.D. 


Lexineton, Ky. 


DECOMPRESSION of an obstructed colon by puncture or incision 1s one of 
the oldest operations in surgery. Littré, in 1710, first proposed colostomy fo: 
relief of obstruction due to malformation of the rectum. This bold suggestion, 
made about a century and a half before asepsis and anesthesia, lay fallow for 
66 years until Pillore, of Rouen, in 1886, performed a right inguinal cecostomy 
for relief of obstruction of the rectum due to a tumor. 

In the development of surgery of the large bowel, the drainage operations 
have gone through successful evolutionary changes to the present-day type of 
colostomy and cecostomy, but the merits of the latter, both as a means of 
direct decompression and as a complement to extirpative surgical maneuvers 
aimed at malignant lesions of the lower gastro-intestinal tract, have received 
scant emphasis. One of the most important factors in the development of 
colonic surgery has been acceptance of the thesis that decompression either by 
surgical procedures or medical means is a highly important aid in returning a 
devitalized and desiccated patient, suffering from malignant disease, to a 
status approaching physiologic equilibrium. 

When surgery is indicated, decompression may be easily accomplished in 
many cases by the employment of cecostomy. Moreover, this procedure is 
frequently desirable both as the first stage of a graded operation, and as a 


complement to an offensive for extirpation of cancer. The indications for 


cecostomy may be briefly summarized as follows: 


(1) A complementary measure following: 
(a) Obstructive resection ; 
(b) Resection and anastomosis of the intestine, end-to-end, or lateral ; 
(c) Exteriorization of a segment of the colon. 
Decompression for intestinal obstruction : 
(a) In acute obstruction secondary to cancer of the left colon or 
rectum ; 
(b) In subacute or chronic obstruction secondary to cancer of the 
colon or rectum unrelieved by medical measures. 
(3) A planned first-stage of a graded operation. 


Complementary to Resection—Resection of the colon is usually accom- 
plished by one of three types of operation, the choice depending upon the local 
conditions and the inclinations of the surgeon. They are: (1) Resection and 
anastomosis; (2) obstructive resection; and (3) exteriorization. With the 


* Read before the American Surgical Association, Hot Springs, Va., May 11, 
13, 1939. 
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first two types of resection, cecostomy may be employed routinely to advan- 
tage. Not infrequently exteriorization likewise is made safer and more simple 
by use of simultaneous collateral decompression. My own choice of opera- 


tion for many years has been obstructive resection, and within the past five 


years the addition of complementary decompression has proved efficacious. 

Obstructive resection was evolved because of dissatisfaction with some 
features of the exteriorization operation. In the main, these factors are: 
First, limitation of application ; and second, transplantation of cancer cells into 
the cut surfaces of the abdominal wound (12 per cent of 183 cases reported 
in 1926). Obstructive resection utilizes the advantages of the exteriorization 
procedure, yet avoids this latter complication. Its usefulness was demon- 
strated in a series of 31 cases published in 1930. The criticism that it pro- 
duced a complete intestinal obstruction for 48 to 60 hours, notwithstanding 
the fact that the obstruction was in the lower gastro-intestinal tract, was met 
by introducing routine complementary cecostomy. With this addition, it has 
become increasingly apparent that the convalescence is much more smooth, 
there is less distention, less elevation of temperature, and in general the post- 
operative course is benefited. The clamp may be allowed to remain on the 
ends of the bowel, at the point of resection, until it drops off, thus insuring 
against leakage and infection. The cecostomy tube is allowed to drain until 
the resection clamp drops off and then may either be pulled out or cut off and 
allowed to pass per rectum. 

When resection and immediate anastomosis is accomplished, a primary 
consideration is relief of factors which influence would healing unfavorably. 
Healing in a deliberate surgical wound of the colon is complicated by: First, 
infection ; second, paucity of blood supply at the site of anastomosis ; and third, 
tension on the suture line. The normal infection present in the bowel content 
is greatly reduced by preoperative preparation, but often not entirely relieved 
in the pericolonic tissues where it migrates, due to increased permeability of 
the bowel wall, secondary to ulceration and obstruction. 

The blood supply of the colon is consistent but scanty. The looping ar- 
cades which spread out fan-wise in the mesentery of the bowel are relatively 
constant in number as they ascend from the parent mesenteric vessels. 
Branches from these marginal vessels ascend as terminal arteries, tributaries 
which pass around the colon in a circular manner lying parallel to each other 
and perpendicular to the mesentery. This distribution leaves a small area on 
the antimesenteric border where the blood supply is feeblest and where dis- 
tention from intraluminal pressure encroaches on the capillary bed to com- 

mise the vascular tree and favor necrosis and rupture. 

Primary wound healing, influenced enormously by the elimination of edema 

id infection through preoperative means and technical steps at resection, is 
ther enhanced by elimination of the factor of distention. Surgical physiol- 
sts are unanimously agreed that during the first four to six days of wound 
ling, when the apposed surfaces are held together by mechanical means and 

tressed by rapidly forming peritoneal exudate, cohesion is fragile and un- 


381 











September, 19 


FRED W. RANKIN Annals of Surgery 


certain. During the next six to nine days fibroblast proliferation and organi 
zation increase the tensile strength of the anastomosis, but until the cicatrix is 
mature, union is vulnerable to increased intracolonic pressure. Obviously 
distention of the colon which vitiates the blood supply or mechanically forces 
apart the cut wound margins facilitates leakage, and to prevent this, prophy- 
lactic decompression at time of resection is most useful. This seems to be 
more easily accomplished by cecostomy than other means. Appendicostomy 
is infinitely less useful because the appendix may be either absent from opera- 
tion, atrophic, or retrocecal, and even when it is available, has a small lumen, 
inadequate for satisfactory drainage or irrigations. 

Table I illustrates the conditions for which complementary cecostomy was 
performed in my own practice during the past five years, together with the 
mortality, which in this series was II.1 per cent. 

TABLE [| 
FORTY-TWO CASES OF COMPLEMENTARY CECOSTOM 


No. of No. of 


Cases Deaths 
Cancer splenic flexure mah I 
: Cancer descending colon. 2 
Obstructive | , 
Cancer transverse colon I I 
resection i" F . 
Cancer sigmoid. . 30 3 
Diverticulitis... ... 4 
38 
Exteriorization—Cancer colon vette 3 I 
Presacral neurectomy—Megacolon........ I 
TOORIG. ..4%.. EE eat rer eee 5 


Decompression for Acute or Subacute Obstruction—Acute obstruction 
occurs in a high percentage of cases of cancer of the rectosigmoid and left 
colon and usually presents itself without premonitory symptoms. All large 
clinics in urban centers are familiar with this type of acute intestinal obstruc- 
tion and report its incidence in varying percentages. Burgess,! of Manchester, 
reviewing a series of 485 cases of cancer of the colon, found 35.6 per cent of 
this group caused acute intestinal obstruction. Meyer,? of Chicago, found 
that over a three-year period ending in 1937, 291 cases of cancer of the colon 
and rectosigmoid were admitted to the Cook County Hospital, and 75, or 
25.7 per cent, were acutely obstructed upon admission. 

For relief of such obstruction, blind cecostomy, usually performed under 
local anesthesia through a split muscle incision in the right groin, is the pro- 
cedure of choice. In this connection, it may not be amiss to emphasize the 
advantages of performing a drainage operation without exploration of the 
abdomen. There is little doubt that exploration and manipulation of acutely 
obstructed intestines multiply mortality rates. Relief of the lethal obstruction 
may be followed during the convalesence by roentgenologic examinations to 
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localize and identify the lesion, and surgical attack may be instituted at a 
later stage with a lower mortality. 
Cecostomy for immediate decompression is best performed by a different 

















technic than when it is utilized as a complement to deliberate resection. For 
acute obstruction, it is desirable to bring the cecum or the ascending colon 
completely out of the abdominal cavity, thus by-passing the entire fecal cur- 











Fic. 1.—Shows an obstructive resection completed. The cecum is drawn 
out through the wound for the establishment of a complementary cecostomy. 
a Purse-string sutures are in place and the bowel is being punctured with the 
| cautery. When the bowel is thoroughly decompressed there is no necessity 
for a rubber clamp. The inset shows the completed operation with the 
cecostomy tube drawn through a stab wound in the right groin. 





f rent. Subsequently, the opening is used to irrigate the bowel through and 

i thus reduce the pericolonic infection prior to resection. This procedure, 

simple as it seems and frequently is, when the cecum has a long mesentery and 

is not enormously distended, is actually, more often than not, a hazardous 

and difficult undertaking, and occasionally it becomes an impossible maneuver 
without partial decompression by puncture. 

On opening the abdomen, in a case of acute obstruction of the colon, one 
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frequently finds a huge cecum, half filled with liquid feces and distended with 
gas to the point where its wall is as thin as tissue paper. Such an organ does 
not lend itself readily to manipulation without danger of rupture and peritoneal 


contamination. Efforts to suture this type of bowel to the peritoneum often, 


result in decompression, for sooner or later the needle point will enter the 
bowel lumen and a whistle of gas announces the accident. It is better to seal 


ry ) 











Fic. 2.—Shows the cecum completely exteriorized with a glass tube under 
it. This is desirable in acute intestinal obstruction, but if decompression is 
necessary before, the cecum may be drawn out and punctured with a needle. 
After the gas has been drawn off, a Pezzer catheter is inserted as shown in 
the inset. Complete by-passing of the fecal current is thus established. 


off the anterior bowel wall with packs as well as possible, and deliberately 
puncture the cecum with a small hypodermic needle, allowing the gas 
escape. When the bowel has partially collapsed, the mucous membrane be- 


to 


comes flooded with blood, the entire bowel wall thickens and one may handle it 
then without fear of rupture. A choice may now be made between: First, 
suturing a tube into the bowel; second, suturing the bowel to the peritoneum 
as Stone advises ; or third, bringing the bowel out, closing the puncture wound 
and making a loop cecostomy. 

Complete decompression of the colon under acute obstructive conditions is 
inadvisable and is occasionally followed by collapse just as in complete relief 
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of urinary obstruction. If it is impossible to perform a loop cecostomy for 
acute colonic obstruction and a tube is inserted into the bowel or the bowel is 
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al sutured to the peritoneum, a large tube should be used because irrigation with 
no, a small catheter is incompetent. There is small question that therapeutic rest, 
complete by-passing of the fecal current, and subsequent relief of the local 
al 3 and general effects of obstruction are best obtained by bringing out a loop of 
3 the right colon. 
7 Recently in my service, cecostomy for the relief of acute intestinal obstruc- 
tion has been performed 16 times. In eight of the cases, subsequent resection 
j was impossible, and in the remaining eight, obstructive resection completed 
the procedure. The mortality in this group was high (18.7 per cent) because 
of the fact that half of the patients were so depleted when first seen that noth- 
ing more than decompression was possible. 
TABLE II 
SIXTEEN CASES OF CECOSTOMY FOR ACUTE INTESTINAL OBSTRUCTION 
i No. of No. of 
Cases Deaths 
; Cancer transverse colon 3 
4 Followed by Cancer sigmoid..... 3 
obstructive , : : 
aera Postoperative adhesions, large and small bowel I 
X-ray stricture descending colon I 
s 
Cancer sigmoid..... 2 I 
Cancer rectum.... ; 2 I 
A Inoperable Cancer rectosigmoid... . ae I 
Cancer left colon I 
[ Cause unknown 2 I 
3 3 
Decompression of Obstruction Due to Rectal Cancer—The vast majority 
of rectosigmoidal cancers produce obstruction of some type. Preoperative 
medical management usually relieves this condition but occasionally at ex- 
ploration one finds a thickened, hypertrophied bowel proximal to the growth, 
multiple telangiectases, engorged lymphatics, edema in the tissues of the 
mesentery, and other signs which definitely indicate a graded procedure. 
i” Under such circumstances, a cecostomy performed through a split muscle in- 
) 4 cision in the right groin makes an admirable first-stage of a graded maneu- 
. ver. Whipple,* in 1931, reported a number of cases carried out by this 
method, as a deliberate first-stage of graded operations for the graver risks. | 
have employed it in a number of instances where decompression had not been 
| adequately accomplished prior to exploration and completed the operation at 


| a subsequent stage by the perineo-abdominal radical maneuver. Under either 
condition, it may be used with satisfaction. 

Disadvantages of Cecostomy.—The main objection to the use of cecostomy 
is that an additional operative procedure is required for closure. Such an 
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operation may usually be carried out under local anesthesia and with slight dis 
comfort to the patient or much additional loss of time in the hospital. Comple 
mentary cecostomy, if performed with technical accuracy, requires no secondary 
procedure. The tube is cut off and allowed to pass per rectum, or pulled on 
and the Witzelized cecum closes spontaneously and without prolonged drain 
age. It seems fair to affirm that the many advantages accruing from adequat: 


drainage and irrigation outweigh whatever objections, economic or otherwise, 


may be offered. 
CONCLUSIONS 


(1) Cecostomy is a valuable adjunct to any type of resection of the colon. 
It prevents distention, moderates peristalsis, and promotes a smooth conva 
lescence. 

(2) Its usefulness as the first-stage of a graded operation for radical re 
moval of rectal cancer has been demonstrated. 

(3) Blind cecostomy for acute intestinal obstruction localized to the large 
bowel is a useful and often a life-saving operation. 

(4) It is desirable to use different technics to perform cecostomy for its 
several indications. Complete by-passing of the fecal current by bringing out 
a loop of the cecum or right colon is superior as a means of decompression 
and irrigation prior to resection. For complementary cecostomy, however, 
where relief of distention by gas is the paramount factor, a wing-catheter in- 
troduced into the cecum by Witzel’s technic is very satisfactory. 
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Discussion.—Dr. Harvey B. STone (Baltimore): I think that Doctor 
Rankin has given a very comprehensive and fair statement of the views that 
most of us hold in regard to the value and utility of decompressive procedures 
and specifically of cecostomy. I think it is scarcely necessary in discussion to 
emphasize the points of agreement with the speaker, and I feel sure that most 
of us agree with him very largely in everything he has had to say. 

There are two or three points in which it seems to me one might raise 
certain questions as to the universal application of what Doctor Rankin has 
had to say. In the first place, while everyone, I am sure, will agree as to the 
necessity of some decompressive procedure in cases admitted in the phase of 
acute, complete obstruction, I should like to call to your attention a difficulty 
that I once encountered in employing cecostomy. The case was a growth in 
the low descending colon. The patient recovered following cecostomy, which 
was of necessity performed without delivery of the cecum and was, therefore, 
not a completely by-pass cecostomy, because at the time of operation the cecum 
was in the condition, so graphically described by Doctor Rankin, in which any 
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aitempt at complete delivery of the cecum would have resulted in disaster. It 
had to be a tangential cecostomy. Some 17 or 18 days later, an attack upon 
the primary growth revealed the fact that the colon between the cecostomy and 
the growth was full of feces, which rendered an attempt at radical removal of 
the tumor extremely difficult and almost impossible of decent handling. 

The point that seems to me concerned in that particular case is that if 
the stoma had been placed closer to the point of obstruction—if, instead of a 
cecostomy, a transverse colostomy had been employed—the purposes in view 
would have been much more adequately obtained. That is, not only the 
imary purpose of decompression, but the secondary purpose of having a 
easonably clean and empty bowel to deal with at the time of the definitive 
operation. 

Another group of cases in which it seems to me simultaneous cecostomy, 
that is, cecostomy simultaneous with the resective procedure, may not neces- 
sarily be required, but in which the same purpose may be accomplished, are 
those cases of resection low in the sigmoid in which a tube may be passed up 
through the anus and rectum, through the anastomosis, and serve as a decom- 
pressive outlet, which, to my mind at least, seems quite as adequate as a 
cecostomy and has obvious advantages of its own. 

Finally, it seems to me that in those cases to which Doctor Rankin has 
referred, which are neither completely obstructed on admission nor quite 
adequately relieved of their partial obstruction by preliminary preparation, | 
fully agree with him that in such cases a stage operation utilizing a cecostomy, 
or transverse colostomy, as I should prefer in that group of cases, 1s certainly 
a wise procedure. 


7 


Dr. ArtHUR W. ALLEN (boston): We have had such a satisfactory ex- 
perience with cecostomy at the Massachusetts General Hospital that it seems 
worth while to mention it at this time. We are in complete accord with the 
principles set forth in Doctor Rankin’s splendid presentation. 

In the development of cecostomy in our hospital, Dr. S. J. Mixter modi- 
fied the Paul tube, a right angle glass tube with a flange which could be held 
within the bowel by a purse-string suture, and that method was used for a 
considerable length of time with a good deal of success. It had the disad- 
vantage, however, that the tube would come out of its own accord in too short 
atime. Dr. D. F. Jones then began to use a large rubber tube for this pur- 
pose. He frequently spoke of it as a tube as large as his finger or as large as 
his thumb, based on the experience of Doctor Gibson, of New York, who first 
advocated the rubbed tube cecostomy for ulcerative colitis. 

\ modification of these two methods has been developed in our hospital, 
and | am going to show you a few lantern slides in a moment to demonstrate 
its application. 

We have performed a total of 171 cecostomies for obstruction of some de- 
gree or preliminary to a second operation on the left bowel, during the past 
12 years. Some were performed at the time of left bowel resection, with 
suture as a complementary procedure. One hundred twenty of these have 
been performed by employing this modification of the Gibson technic, which 
will be described below; 21 by the Mixter tube alone;:21 by the Witzel tech- 
nic; and nine by various other methods, such as exteriorization. There have 
been 19 deaths among these 171 patients. Eleven of these were due to car- 
cinomatosis or perforation of the cancer prior to operation. Six deaths were 
undoubtedly due to errors in the technic of the procedure, and one to pulmo- 
nary embolus due to coronary occlusion. Of the 152 survivors, only 12 needed 
closure of their cecostomies. That is one importat feature of this method of 
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treatment. There have been a certain number of postoperative herniae be 
cause this tube stays in place anywhere from two to three weeks through a 
McBurney incision. 

Operative Technic—The cecum is brought up, when possible, and deliv- 
ered through the wound. If it is markedly distended, as it so frequently is in 
obstruction, of course one cannot bring it out through the abdominal wall. 
When it is distended, a suction trochar can be introduced and the cecum de- 
compressed sufficiently to allow it to be grasped with Allis forceps, after 
which it may be delivered and a purse-string suture put in around the trochar 
opening. 

After the cecum has been collapsed somewhat, a rubber covered intestinal 
clamp can be placed on it below the opening, to prevent further soiling while 
the tube is inserted. The large rubber tube which is fixed onto a right angle 
glass tube of approximately the same caliber—iI cm. or more in diameter 
is then inserted through the original purse-string and held in place by two 
additional purse-string sutures of No. 0 chromic catgut; only the first one 
penetrates the rubber tube, to aid in the inversion of the cecal wall. A tab 
of omentum, when available, is brought around the tube, and the cecum re- 
placed within the abdomen. 

It is surprising how well one can clean out an obstructed colon by this 
method. By the introduction of dilute magnesium sulphate into this tube 
after 48 hours, at various intervals, clamping the tube off for ten minutes or 
more until a peristaltic cramp takes place, one can fairly adequately clear out 
the proximal bowel. Irrigations can frequently be carried out through the 
entire colon. This method has been so adequate that proximal defunctioning 
procedures such as Devine has described, have very rarely been necessary in 
our clinic. 

The tube is brought out over above the iliac crest in a very comfortable 
fashion. The rubber tube within the bowel will stay in place for two or three 
weeks with little or no leakage around it. The rigid right angle glass tube in 
the abdominal wall prevents the kinking of a rubber tube alone. Infection 
in the abdominal wound invaribly takes place but has produced no serious 
or insurmountable sequelae. 
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RETROPERITONEAL CHYLE CYSTS* 
WITH ESPECIAL REFERENCE TO THE LYMPHANGIOMATA 


Joun C. A. Gerster, M.D. 
New York, N. Y. 

THE majority of retroperitoneal chyle cysts are rare forms of cystic 
lymphangiomata. Before directly considering the cysts themselves, a brief 
consideration of benign lymph vessel tumors may be of interest. 

According to Most** and many others, a lymphangioma is a tumor aris- 
ing from new growth of lymph vessels, as well as a widening of lymph vessels 
normally present. It is chiefly characterized by growth of the smaller, and 
even of the capillary lymph vessels. Besides, a true lymphangioma may 
arise from lymph nodes through new growth arising in intraglandular sinuses 
and adjacent lymph vessels. Certain lymphangiomata are obviously of con- 
genital origin. Others make their first appearance in adult life. Stasis alone 
does not, in itself, constitute an adequate causative factor—the plentiful col- 
laterals easily furnish a by-pass. 

According to Ribbert,*4 a lymphangioma is a new growth of lymph vessel 
walls and their adjacent connective tissue. The neighboring normal lym- 
phatics have few or no connections with the lymphatic new growth. The sur- 
rounding connective tissue is just as active in its growth, if, indeed, not more 
so, than the lymph vessels themselves. 

The sites of predilection are the skin and subcutaneous tissues, especially 
around the face; the neck, the inguinal region (including spermatic cord 
and ligamentum rotundum) ; the retroperitoneal region, the mesentery, and 
even the intestine itself. 

The three types mentioned below (Wegner®) do not always appear 
clear-cut—transition forms are noted: 

(1) Lymphangioma Simplex, according to Most, is a transition form 
between lymphangiectasis and a true lymphatic tissue tumor. It is a circum- 
scribed swelling with an ill-defined margin, composed of dilated lymph ves- 
sels, with an actively growing, richly cellular, connective tissue stroma. It is 
usually seen in infants and children, involving the skin and subcutaneous 
tissue of face or neck. It is compressible. 

(2) Lymphangioma Cavernosum (a sharp line between lymphangioma 
simplex, and lymphangioma cavernosum cannot always be drawn) is a spongy 
tumor, composed of dilated lymphatic vessels, with a lymphoid stroma in an 

tively growing condition. Clinical examples are macromelia (lymphangioma 
of the cheek); macrocheilia (lymphangioma of the lip); macroglossia 
(lymphangioma of the tongue). Other regions of involvement may be the 
eyelids, neck, gums, pharynx, inguinal regions, the mesentery of the intestine, 

* Read before the New York Surgical Society, November 9, 1938. Submitted for 

lication October 26, 1938. 
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and the retroperitoneal regions. The overlying skin or mucous membrane 


is not usually involved. The tumors are more obvious than lymphangioma 
simplex. They are spongy and compressible. 

(3) Lymphangioma Cysticum. While the two forms noted above may 
have some connections with the adjacent normal lymph vessels, the cystic 
form has practically none in the majority of cases. The walls are composed 
of connective tissue with numerous endothelial-lined lymph spaces, which in 
some areas show cavernous. development. Besides connective tissue, smooth 
muscle fibers are present, and more or less lymphoid infiltration. The cyst 
may have an endothelial lining; however, it may be partly or completely 
absent (see below). The contents may be a serous or a chylous fluid. There 
may be blood, consequent upon trauma. Cystic lymphangiomata are not 
compressible, are more or less encapsulated and, as just said, may have al 
most no connection with near-by lymphatics. 

Sites: In the neck they may be superficial or deep; they also occur in 
the supra- or infraclavicular regions; the axillae; the inguinal regions; and 
the mesentery, and retroperitoneal regions, where they often contain chyle. 

Lymph cysts and chyle cysts uf the abdomen arise from lymphatics of 
the retroperitoneal region, or from the chyle-bearing lymphatics of the in 
testine. They may start retroperitoneally, and push forward between the 
leaves of the mesentery, or vice versa. The mesenteric forms are by far 
the more frequent. The retroperitoneal forms are much rarer. Typical intra- 
abdominal and retroperitoneal cavernous lymphagiomata have been observed. 
Consequently, lymph and chyle cysts may arise from these. Transition forms 
occur, 

A history of trauma has been noted in a number of cases. However, 
considering the frequency of trauma and the great rarity of cysts, trauma as 
a cause seems unlikely although trauma to a hitherto “silent” cyst may be 
a factor in inaugurating renewed growth. The so-called blood cysts of older 
authors have proven to be either preformed cysts (lymphatic, dermoid, entero 
cystomata, etc.) filled with bloc rd, or encapsulated hematomata. 

A cystic lymphangioma may have a cavernous angioma at some point in 
its periphery. Pathologists (beginning with Wegner) have held: That the 
cystic form developed from the cavernous; that in examining a cystic tumor 
to obtain reliable evidence of its origin, often this is difficult or even impos- 
sible; that presence of the cavernous areas in the cyst wall itself or near by 
in adjacent tissues, points either to association of the two forms or to the 
cystic, originating from and overgrowing, and so partly obliterating, the 
cavernous portion. Lastly (as said before), dilated lymphatic vessels lead 
ing to, or away from, a cystic lymphangioma may be either part of (exten 
sions of) the benign new growth or lymphangiectatic dilatations of pr 
existing (normal) lymph vessels due to pressure from the cyst. Even under 
the microscope this may be hard to determine. 

In thicker-walled cysts three distinct layers have been described by various 
authors. An endothelial lining may be present as a single layer of cells, or 
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may be partly absent or may be entirely lost. The absence of endothelial lining 
has been so frequently observed that certain aut] ors considered this a char- 
acteristic feature. This absence has been ascribed, with reason, to the ease 
with which a single layer of cells might be rubbed off in the course of 
operative removal or in handling of the fresh specimen. On the other hand, 
its absence has been noted in unopened cysts removed in toto and hardened 
as such, before cutting for microscopic examination; the endothelial and 
inner layers of the cyst wall had undergone fatty and hyaline degeneration. 
In thinner-walled (younger?) cysts from the same specimen the endothelial 
lining was present intact (Godel'’). 

Chylous Contents —Chyle cysts refill slowly after aspiration. Chyle cysts, 
marsupialized, do not drain chyle—they usually heal in a few weeks with 
moderate discharge of serous exudate. Excision of chyle cysts is not fol- 
lowed by escape of chyle from cyst bed. All this seems LOK xd clinical pr¢ of 
that chylous lymphangiomata have little or no connection with adjacent nor- 
mal chyle-bearing lymphatics. 

Whence the chylous fluid? Either it comes from a very slight connec- 
tion with normal chyle-bearing lymphatics or from chyle-like accumulation 
(transudation) from the cyst wall itself with its rich blood and lymphatic 
supply, in combination with a fatty and hyaline degeneration of the inner 
coats (Henschen**), 

As a matter of interest, “chyle-containing” cystic lymphangiomata have 
heen observed in the neck (Volkmann**), in the groin, and in the extremities 
(Henschen and others )—sites distant from normal chyle-bearing lymphatics. 

Studies of fat content in the lymph collected from lymph fistulae of the 
lower extremities have shown variations almost identical with those observed 
in chyle itself: from 0.6 to 2 per cent during hunger periods to as high as 
{7 per cent after a fatty meal (Henschen). 

Symptoms—There may be none. The first lymph and chyle cysts to be 
reported were chance finds at autopsy. If symptoms are present, a gradual 
onset is the rule. There are loss of weight, vague digestive disturbances, 
increasing constipation in some cases, an increase in the size of the abdomen, 
and a feeling of tension. The tumor which is present is not movable (retro- 
peritoneal). Usually it lies above the umbilicus, to the right or left of the 
midline. A consideration of age and sex (four times as frequent in females 
as in males) has little significance. Statistics are of little aid when consid- 
ering an individual case. 

Diagnosis —In very small tumors no diagnosis is possible. In very large 
tumors, especially those almost filling the entire abdomen, these lymph and 
chyle cysts have been mistaken for ovarian cysts. This was particularly so 

the early cases (in the 1880’s). When aspiration through the intact ab- 
dominal wall revealed their contents as chyle, in some instances as much as 

00 or 4,000 cc. at a time was repeatedly drawn off. The medium-sized 

senteric cysts, the size of a child’s head, or perhaps larger, have to be 
differentiated from other forms of intra-abdominal cysts. 
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With the retroperitoneal cysts, an exact diagnosis is impossible, but by 
modern roentgenographic visualizing methods, the various adjacent viscera 
may be demonstrated as normal, and their anatomic relationship to the intra 
peritoneal or retroperitoneal tumor may be determined. Even after celiotomy 
and either removal or marsupialization, the exact diagnosis must wait upon 
the microscopic character of the cyst wall.* 

Prognosis depends on the patient’s general condition at the time of opera 
tion, and the mechanical ease or difficulty of removal or marsupialization. 

Treatment.—Excision is the method of choice, if mechanically feasible. 
At celiotomy, a preliminary aspiration of part or all of the contents often 
has facilitated subsequent removal of the cyst wall. No leak of chyle fol- 
lowing excision is to be expected, although when in doubt, drainage with a 
soft rubber dam to the cyst’s bed may be considered safer. 

Marsupialization is indicated where excision entails too great a_ risk. 
Marsupialization has been performed both transperitoneally and through 
lumbar incisions, depending on the accessibility of the particular cyst. Mar- 
supialization has not been followed by excessive chylous drainage in the ma- 
jority of cases. Healing usually has occurred within two to four weeks. 
Exceptionally, excision of cyst wall, secondary to marsupialization, has beer 
necessary because of a persistent sinus. 

The following case of a retroperitoneal chyle cyst is of interest because 
the cyst was actually visible roentgenologically. 

Case Report.—A. C., female, age 34, single. Six years ago, she had had an 
appendicectomy performed by the writer for acute suppurative appendicitis; an unevent- 
ful convalescence followed. On February 14, 1938, the patient, referred by Dr. M. C. L 
McGuinness, was admitted to the Lenox Hill Hospital, New York, with the following 
history : 

She had been well since her appendicectomy until July, 1937, eight months before, 
when she “awoke one night with a feeling of chilliness, as if a wind had blown on 
her neck.” <A few days later began to have a band-like pain in the small of the back 
at the waistline. This had no reference to eating, standing or walking. The pain 
lasted ten days, then disappeared. Two weeks ago the same pain, starting in the back 
and right lumbar region and radiating forward with band-like sensation, reappeared 
The pain increased in area and then moved forward toward the anterior abdomen, also 
extended somewhat to the left. During the past month there had been increased difficulty 
in function of the large bowel; there was constipation and even flatus could not be 
expelled; enemata were constantly required to effect a movement. There was no loss 





in weight. Appetite always good. 
Traumatic History.—A fall on the coccyx, at age 14, was followed by some pain 
and discomfort for a while. One and one-half years ago, she fell, striking the left 


*As said at the beginning of this article, most retroperitoneal cysts are cysti ; 





lymphangiomata, less frequently they prove to be dermoids, hydronephroses (Koblanck 
and Pforte®), cold abscesses, etc. A consideration of all these other forms of retro- 
peritoneal cysts is too extensive a subject to be included within the scope of this artic! 

Handfield-Jones™ classification of retroperitoneal cysts is given in the appended bibli- 
ography. Various classifications and theories of pathogenesis are to be found in near! 

all of the other articles listed. 
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Fic. 1.—Plain roentgenogram showing a Fic. 2.—Roentgenogram showing the trans- 
shadow of the tumor to the right of the first, sec verse colon lying below the tumor, while another 
md, and part of the 3rd lumbar vertebrae. exposure (Fig. 3) shows it lying above the tumor. 





40HR8 all 
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3.—Roentgenogram showing the trans Fic. 4.—Roentgenogram showing _ lateral 
olon lying above the tumor, while another compression of an apparently normal, dye-filled 
(Fig. 2) shows it below the tumor. gallbladder. 














JOHN-C. A. GERSTER Annals of Surg 


‘ 
September, 19 





epigastrium, left breast and axilla. Pain in this region lasted for several months, the 


disappeared. 


1 
ht 


Physical Examination was negative except for a smooth nonmovable mass in righ 


hypochondrium which gave impression of a tense, distended gallbladder. It was suffi 
ciently prominent to push the overlying abdominal wall slightly forward, as seen by 
reflected light in comparison with opposite (left) hypochondrium. Upon pressure « 

this tumor, the pain in the back at this level was increased. The mass did not move 
with respiration, and was not, in itself, tender. 

White blood count was normal, except for 6 per cent eosinophils on first count, 1 
per cent eosinophils later; otherwise entirely negative. Red blood count was normal. 
Blood chemistry, normal. Blood pressure was within normal limits. Urinalysis was 
normal. 

Roentgenologic Examination of chest was normal. <A plain roentgenogram of thx 
abdomen (Fig. 1) showed the shadow of a soft tissue mass, approximately I0 cm 

in diameter, lying to the right 





r - . . 
x of the spinal column opposite 
bodies of the first, second, and 
“ upper part of the third lumbar 
Fen vertebrae. The bony spine was 
< normal. The kidney shadows 
@ were normal in size, shape and 
J position, and were well visual 
) md ‘ 
s ized. 
a ce 
- Barium enema showed nor- 
~ ° . 
* mal colonic outline. In some 
. views the transverse colon was 
= below the mass (Fig. 2), in 
others above it ( Fig. 3). 
The dye-filled gallbladder, 
» A at the fortieth hour, was visual- 
Fic. 5.—Roentgenogram following intravenous urogra ized, and appeared indented and 
phy showing normal, bilateral excretion and good visu displaced to the right by the 
alization of the calices, pelves and upper ureters on both gee a 7 as 
sides. The mass is to be seen overlying the right kidney soft tissue mass (Fig. 4). The 
pelvis. me ay" : : 
concentration and emptying of 


the gallbladder were demonstrated to have been normal as seen roentgenologically. 

Intravenous urography showed normal excretion of dye from both kidneys with 
good visualization of calices, pelves, and upper ureters on both sides. The right kidney 
pelvis of normal outline lies directly behind the tumor mass (Fig. 5). 

A gastro-intestinal series showed the stomach to be J-shaped and displaced some- 
what to the left. The stomach and first portion of duodenum were normal in outline. 
The second portion of the duodenum, both under fluoroscopy and in the films, showed 
evidence of marked compression by the mass. The duodenum was displaced anterior] 
and to the left (Fig. 6). This did not cause actual obstruction—the stomach was empts 
at three hours. Oblique views showed the descending portion of the duodenum pushed 
forward by tumor (Fig. 7). 

Roentgenologic Inferences—The findings indicated a retroperitoneal mass in the 
right upper quadrant lying alongside and partly overlying the first, second, and_ part 
of the third lumbar vertebrae. “It (the mass) does not have the characteristic appear- 
ance of an expanding lesion in the head of the pancreas, which generally displaces the 
descending portion of duodenum to the right.” 

Among other preoperative diagnoses the following were considered: Neurog: 
sarcoma, tumor of right adrenal, and retroperitoneal dermoid. Normal bony spine « 
lines seemed to exclude a cold abscess of spinal origin. 

Operation.—February 23, 1938: The abdomen was opened through a five-inch, lot 
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tudinal, right paramedian, epigastric incision. To obtain more room, a transverse incision 
ree and one-half inches long was added, beginning at the lower end of the longitudinal 
cision, and going to the right (Fig. 8 A). 
Operative Pathology—The tumor was immediately apparent, lying behind the 
patic flexure of the colon at the beginning of the transverse colon. On displacing 
the colon downward, the flattened-out second portion of the duodenum was seen lying 
over the tumor (Fig. 8 B). Both it and the posterior parietal peritoneum were freely 
movable upon the underlying tumor. This peritoneum was divided longitudinally along 
the outer side of colon and duodenum (Fig. 8 B), which were then retracted mesially. 
[The tumor was the size of an adult fist, and was now free except for its posterior at- 
tachment. It was attached to the anterior aspects of the bodies of first and second 
lumbar vertebrae between the aorta and the inferior vena cava. The aorta was entirely 
ree, but the inferior vena cava was intimately adherent to the right side of the tumor 


ENDING 





F f Roentgenogram showing compression of the Fic. 7.—Roentgenogram, taken obliquely, 
descending duodenum by the tumor. showing pressure posteriorly upon the duodenum 

by the tumor. 
for a distance of three inches (Fig. 8 C and D). The tumor was dark reddish-blue 
in color and seemed solid. Attempted dissection of tumor from vena cava proved 


impractical and too hazardous. Upon aspiration, using a large caliber needle, a thick 
milky fluid was immediately obtained. After removal of about 20 or 30 cc., the needle 


came clogged. 


The tumor was incised longitudinally. As the outer wall was being divided, an 
inner layer began to protrude. A plane of cleavage was readily found. The cyst was 
now more widely opened, its remaining fluid contents removed with an aspirator, and 
a few white clots were sponged out. The inner lining was completely enucleated, ex- 
posing the tendinous origins of psoas attachments to first and second lumbar vertebrae. 
The redundant outer cyst wall was then trimmed away except that portion attached to 


the inferior vena cava. Two soft-rubber Penrose drains were inserted in the bed of 
the cyst and brought out through a stab wound lateral to the right rectus margin. 
Duodenum and colon were replaced in their normal positions. Closure of entire wound 
I ers. Dry dressing. 

Postoperative Course —Uneventful convalescence. No drainage of chyle came from 
tl ound at any time. Drainage tubing gradually shortened. Primary union. Dis- 
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charged March 28, 10938, 33 days after operation. Postoperative roentgenologic ex 
amination of duodenum showed a normal outline (Fig. 9). 

Subsequent Course—During the next four months she was subject to attacks of 
upper abdominal pain, having no relation to meals. At times there would be a premoni 
tory feeling one-half hour before the actual attack. At other times there would be a 
sudden severe pain in the upper abdomen lasting for two or three minutes, of such 
severity that physical movement was impossible. Atropine sulphate gr. 1/150 was given 






Incision in Thinned out 
sie posterior duodenum 
- ahaa overlying cyst 








awn o Cyst drawn re 
‘9 F ues oe posing nia to right, attached D 
inferior vena Cava to vertebral 
adherent to it. column 


Fic. 8.—(A) Abdominal wall incision. (B) Tumor pre senting in wound with flattened 
descending duodenum overlying it. The dotted line indicates incision postparietal peritoneum. 
(C) Cyst drawn to the left, showing its dense adhesion to inferior vena cava. (D) .Cyst 
drawn to the right showing attachment to anterior vertebral column. Aorta lies to the left; 
not adherent. 


by mouth and the dose had to be repeated 20 minutes later. The pain would gradually 
subside in about two hours, but the abdomen would be sore and sensitive to touch for 
the next 24 hours. According to the patient, “It would usually take five to seven days 
for the intestines to become normal again.” 

At first the attacks came every week or ten days but gradually the intervals be- 
tween lengthened. The last attack was at the end of July, 1938.: There have been 
none since then—three months. During the four months just described, there was 


constant belching, but none since. Appetite has always been good. 

Examination of the fluid aspirated from the cyst showed by direct smear no or- 
ganisms, no pus cells. “Amorphous material with many fat-like globules giving partial 
fat reaction, with Sudan 3—a milky fluid.” Culture sterile. Chemical Examination: 
Calcium content of the fluid showed 34 mg. per 100 Gm. (The calcium content of 
human milk averages 33 mg. per 100 Gm.) This calcium content possibly accounted 
for visibility of cyst roentgenologically. 
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Pathologic Examination—Dr. Rudolf M. Paltauf. Gross: “The specimen received 
nsists of a roughened, pink, ovoid sac which has been cut into and contains cheesy, 
friable, necrotic white material. It is 7x5 cm. with a wall 1 Mm. thick. The external 
vat is dull, roughened and pink, while the internal coat is dull, roughened and white 
and covered with necrotic, cheesy, friable material. 

“Microscopic Examination (H and E stain) reveals the cyst wall, although greatly dis- 
torted, to consist of three more or less distinctly different layers. The inner surface is 
partly covered with pale, bluish-pink staining, slightly granular, amorphous material which 
also fills the cavity and contains scattered erythrocytes and large round cells with a foamy 
cytoplasm and small round, centrally situ- 
ated nuclei; occasional cholesterin crystals g g@ 38 ac PRONE 1 
are also present. The lining consists of + 
flattened endothelial cells which are often Med 
missing. The inner layer is formed by NORMAL™D 
hyalinized material which is fibrillar in 
character and shows fibroblasts and scat- 
tered round cells. In the middle layer, 
which is composed of more cellular and 
less degenerated connective tissue, there 
are many smooth muscle bundles which 
occasionally form quite a thick layer; 
covering this toward the outside is a third 
layer of connective tissue which is rather 
loose and infiltrated with fat and contains 
many blood vessels, infiltrated with 
small lymphocytes and plasma cells. In 
one section, it contains a well circum- 
scribed area of lymphoid tissue which is 
represented by many definite lymph fol- 
licles. It shows slight interstitial fibrosis 
and hyperplasia of the reticulo-endothelial 
cells. The sinusoids are wide and filled PIG 9.—Postoperative roentgenogram showing a 
with large endothelial cells, erythrocytes normal outline of the duodenum. 
and a few lymphocytes. These three distinct layers are not everywhere recognizable, as 
they are frequently obscured by irregular areas of fibroblastic proliferation, round cell 
infiltration, fresh and old hemorrhages, evidenced by large extravasations of blood, and 
areas containing numerous large phagocytic cells loaded with hemosiderin pigment. Some 
of these hemorrhagic areas are quite extensive and undergoing organization. 

“Pathologic Diagnosis—The cyst represents a chyle cyst which was the site of 
apparently repeated traumatic hemorrhages. The origin of the cyst may be either 
congenital or on a benign neoplastic basis.” 

Summary.—A female, age 34, suffering from pain in small of back and 
constipation of one month’s standing, presented a tumor suggesting a dis- 
tended gallbladder. The tumor gave a visible shadow roentgenologically. 
By appropriate visualizing methods, it was shown to be retroperitoneal, in 
front of the right kidney, behind the duodenum, to the left of the gallbladder 
(indenting it) and not attached to the hepatic flexure or the transverse colon. 

\t operation, it was found to be a thick-walled cyst containing creamy 
white fluid, with a capsule densely adherent to the inferior vena cava and 
(to the left) less intimately to anterior aspects of the first and second lumbar 
vertebrae. Excision. Recovery. 
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Pathologic examination of the contents of the cyst revealed chyle-lik 
fluid of the same calcium content as human milk, which probably accounted 





for visibility of cyst roentgenologically. Culture sterile. 






Microscopic examination of cyst wall showed connective tissue, smoot! 






muscle, lymph spaces lined with endothelium, lymph follicles, a partly miss 





ing endothelial lining, efc., typical of cystic lymphangiomata (chylangiomata ) 






The origin of the cyst may be either congenital or on a benign neoplastic 





basis. 










CONCLUSIONS 






(1) Intra-abdominal chyle cysts are surgical rarities. 
(2) Retroperitoneal chyle cysts are much more rare than the mesenteric 






variety. 





(3) The site, size and relation of sizable cysts to adjacent viscera may 






be demonstrated by modern roentgenographic methods. 






(4) The exact diagnosis is determined by the microscopic character of 






the cyst wall (lymphangioma, dermoid, hydronephrosis, efc.). Analysis of 






the fluid contents is of secondary interest. 





(5) Excision is the method of choice, but if likely to be attended by too 






great risk of injury to vital structures (blood vessels, intestines, efc.), mar 






supialization is indicated and has given good results. 












BIBLIOGRAPHY 





FOREWORD TO 


To gain a proper idea of chyle cysts has entailed an extensive review of 





the literature dealing with both the mesenteric and the much rarer retro- 






peritoneal forms. Chyle cysts are rare—many surgeons of wide experience 






have never encountered one—yet there are approximately 500 reports in the 





literature. Probably because of their rarity, nearly all cases have been 






reported. 






Titles at times have proven inaccurate; cysts reported as mesenteric 






might with equal reason have been classified as retroperitoneal. Reports 






have been incomplete, specimens of the cyst wall were not taken or, if taken, 






were lost or, even if examined, the gross and microscopic descriptions were 






not given in detail. The same applies to information about the contents of 






the cysts. 
Regarding information about the exact size of cysts, in some cases, it 







must be admitted, this was impossible, especially in huge irremovable cysts, 






particularly if found in obese subjects. 






The author has made no attempt to furnish a complete bibliography. 






Articles of particular interest from one point or another (historic, pathologic, 






clinical) have been given—in many cases, brief abstracts or excerpts have 





been included for the reader’s convenience. To those interested in following 





the subject further, especially regarding the theories of pathogenesis, clas- 





sification and detailed microscopic examination, the articles by Braquehaye* 
(1892), Dowd?® (1900), Smoler®* (1901), Sick®® (1902), Klemm** (1905), 
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Speckert®* (1905), Henschen** (1905), v. Hippel®® (1909), Prutz and 


Monnier*” (1913), Hadley’? (1916), Most®* (1917), Godel'® (1921), Hand- 
field-Jones*" (1924), Swartley®* (1927), and Ebhardt!! (1932) will be found 
of especial interest. 

Aside from periodicals on general surgery, here and there in the pub- 
lications devoted to pathology (Virchows Archivs, for example), embryology, 
urology, pediatrics, and gynecology, articles occur bearing upon the subject 


of this paper. 
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Male, 63, operated on by von Bergmann (April, 1886). Cyst occupied mesentery 
of almost entire small intestine; 800 cc. creamy fluid aspirated; marsupialized (just 
managing to avoid intestinal walls); palpating finger reached to spine—interior of 
cyst smooth. Recovery. Microscopically, connective tissue, blood vessels, no en- 
dothelial or epithelial lining. Author notes: (1) Intestine and its lymphatics were 
entirely normal; (2) aspirated cysts refill; (3) drained (marsupialized) cysts heal. 

* Braquehaye, Jules: Des Kystes du Mesentére. Arch. Gen. de Med., 2, 291 and 572, 
1892. 

A carefully written, comprehensive monograph covering historic, statistical, patho- 
logic and clinical aspects to date. Braquehaye’s statement—that Benevieni, the Floren- 
tine anatomist, was the first to observe a mesenteric cyst, in 1507—has been quoted 
ever since. Fine bibliography, but misses a number of important early German ref- 
erences. 

Broca, A. et Daniel, C.: Les kystes du mésentére dans l’enfance. Rev. de Gyn. et de 
Chir. abdominale, 9, 447, 1905. 
° Carson, N. B.: Chylous Cyst of Mesentery. J.A.M.A., 14, 674, 1890. 

Male, 39. Tumor size of a fetal head, between umbilicus and pelvis; diagnostic 
aspiration; chyle obtained. Then three years elapsed. Operation, five pints of chyle 
evacuated; marsupialization. Recovery. No description of operative findings, loca- 
tion of cyst, etc. First American report of chyle cyst of mesentery. 

‘Collins, A. N., and Berdez, G. L.: Chyle Cysts of Mesentery. Arch. Surg., 28, 335, 
1034. 

*Crane, W.: Lymphangioma of Mesentery. Am. Jour. Surg., 9, 441, 1930. 

’Carter, R. M.: Cysts of Mesentery. Surg., Gynec., and Obstet., 33, 544, 1921. 

'Dowd, Charles N.: Mesenteric Cysts. ANNALS OF SURGERY, 32, 515, 1900. 

\ comprehensive review to date. Dowd (p. 531) says: “. . . Chylous cysts are 
really preformed cysts situated in such close relation to the lacteals that chyle has 
been effused into them and that they are really embryonic in origin, in structure similar 
to ovarian and parovarian cysts.” 

This paper attracted wide attention, and with reason. It was the first authorita- 
tive contribution on the subject in this country 

‘Ebhardt, K.: Beitrag zur Frage der Chyluszysten. Bruns Beitr. z. klin. Chir., 156, 
03, 1932. 

The most recent comprehensive monograph; it differs little, if any, with that of 
fenschen, in 1905. Both cover the subject thoroughly. 

Male, 34%. Entire abdomen filled by tumor. Contrast roentgen ray studies of 

lon and kidneys proved them normal. Cyst freed from great omentum and gas- 
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trocolic ligament and removed. Opening in gastrocolic ligament sutured. Recover 
(An excellent line drawing accompanies this article.) 

Microscopically, marked predominance of lymph follicle formation in walls 
polycystic lymphangioma (chylangioma), in contrast to lymph vessel hyperplasia 
Godel’s case. Fluid not examined except to prove its sterility. 

12 Eliason and North: Perforated Chylous Cyst of Mesentery. ANNALS OF SURGERY, IO1I, 

1452, 1935. 

Marsupialized ; recovered. Microscopic examination of wall showed fibrous tissue 
with inflammatory changes; no differentiation of layers; no muscle fibers. “Chylous 
cyst of mesodermal origin.” Perforations previously reported by Pedersen (1) 1928 
and Dutton (2) 1930 and Eliason (3) 10935. 

13 Elter, J.: Zur Retroperitonealen Cystenbildung. Bruns Beitr. z. klin. Chir., 30, 558, 

1902. 

Male, 13. Epigastrium run over. Celiotomy 14 days later. Large retroperitoneal 
mass in left hypochondrium; gastrocolic omentum divided; 800 cc. clear yellow fluid 
with some fibrin. Marsupialized. Recovery. Cyst reached to vertebral column. 

Author gives a classification of retroperitoneal cysts, and lists previously re- 
ported retroperitoneal cysts (Rokitansky, Killian, Narath, Strehl, Sarwey, Enzmann, 
Obalinski, Zweifel, and Bardenheuer. (The last two reported as retroperitoneal 
dermoids. ) 

14 Enzmann: Beitrage z. path. anat. d. Ductus Thoracicus. Inaug. Dissert, Basel, 1883. 

Female, 77. At autopsy Enzmann found what he considered a cyst of lower part 
of thoracic duct—greatly hypertrophied connective tissue walls. Later authors fail 
to agree with this interpretation. 

15 Friend, E.: Mesenteric Chyle Cyst. Surg., Gynec., and Obstet., 15, 1, 1912. 
16 Fatyol, C.: Operierte Falle (2) von Mesenterialer Chyluscysten. Ztschr. f. Geburts. u. 

Gynak., 60, 1003, 1936. 

Case 1.—Base of cyst (chyle cyst) broadly adherent to vertebral column and 
aorta; marsupialized. 

Case 2.—Excised readily. 

Classification: Ages vary from 4 mos. to 71 yrs.; male 1, female 4. Mentions 
involvement of plexus solaris (“synkope gefahr’”’ ). 

17 Gjorgjevicé, V.: Uber Lymphorrhoe u. Lymphangiome. Arch. f. klin. Chir., 12, 641, 

1871. 

Excellent list of references; well written, interesting article by an assistant of 
Billroth’s. 

18 Godel, Alfred: Zur kenntnis der Peritoneal Zysten. Frankfurter Ztschr. f. Path., 
26, 564, 1921-1922. 

Male, 20, died of fractured skull. Chance find at autopsy; polycystic (multilocu- 
lar) chylangioma of mesentery of hepatic flexure. Two parts, each the size of a 
child’s head: (1) Intraperitoneal, hung down into true pelvis. (2) Retroperitoneal, 
behind ascending colon in angle between vertebral column, right kidney, and liver. 
(An excellent illustration accompanies this article.) Thoracic duct and cysterna 
chyli entirely normal. Lymph nodes in the mesocolon, and wall of the colon itself 
entirely normal. 

The pathologic examination of the cysts of unusual interest: The largest cyst, 
which seemed unilocular, proved to be multilocular on section. Many solitary cysts 
of varying sizes also present. The smaller isolated cysts were thin-walled, and con- 
tained a clear, fatty fluid. All other cysts contained a milky fluid, which micro- 
scopically proved to be albuminous, with fat droplets and scattered lymphocytes. 
Examination of the cyst walls showed large and small cystic, cavernous and simple 
telangiectatic regions, all close to each other, and all lined with a single layer of en- 
dothelium. 

Furthermore, the endothelial lining of cavernous and cystic, chyle-filled spaces 
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was surrounded by a definitely proliferating connective tissue stroma, localized to 
one part of the mesocolon, indicating a chylangioma, and with definite indications of 
new growth of lymph vessels through sproutings of endothelium, at first solid and 
later hollow. Gédel also pointed out that the new growth of connective tissues was 
not present throughout the specimen, stating: “We know that lymphangiomas have 
a tendency to become stationary and to undergo regressive changes, particularly cystic 
degeneration.” 

In all the larger cysts, there was a fibromuscular layer of varying thickness, 
forming projections into the lumen of the cyst cavity, and at the base of these pro- 


jections, there was a rich capillary blood vessel network; besides, a whole system of 


lymph spaces communicated with the main cyst cavity. 

In certain of the old thick-walled cysts, the endothelium had entirely disap- 
peared. In these, the thick-walled connective tissue showed hyalin degeneration 
without elastic fibers, or smooth muscle. The endothelial lining had disappeared ; 
there was calcified detritus. No signs of new growth of lymphatics, few blood vessels, 

and few lymph spaces. Round cell infiltration here and there. 

Godel considers this to be a true tumor, a chylangioma of the mesocolon, a 
multicystic chylangioma. 

Kayser, in 1914, was able to collect only 15 chylangiomata of the mesocolon; 
these were unilocular cysts, or occasionally multilocular solitary cysts. A case of 
multilocular polycystic chylangioma of the mesocolon could not be found in the litera- 
ture at the time of Gédel’s publication. 

The surgical aspect of this case was of interest, in that the intra-abdominal, 
pedunculated group of cysts could not have been completely excised, because at the 
base in the mesentery itself there was an infiltrating cavernous lymphangioma which 
had no sharp boundary. It is interesting to note that the young man had had in- 
definite abdominal complaints since early childhood. 

Godel refers to the endless discussion as te whether these cysts are true new 
growths or are developed from varicosities of preformed lymph vessels; in other 
words, whether they are lymphangiomata or retention cysts. The difficulty lies in 
their rarity, and the incomplete and poorly described case reports. 

There is a strong resemblance both macroscopically and microscopically be- 
tween lymphangiectasis of normal lymph vessels, and true lymph vessel new growths. 
Besides all this, the two types may lie close to one another, and be actually in com- 
bination. For example, a tumor, originally a new growth, may come to a standstill 
and undergo marked changes through stasis. In order to prove that a given tumor 
is a lymphangioma, it is necessary to establish an actual new growth of lymph 
vessels, a condition rarely fulfilled among the few cases reported. The absence of 
such proof of new growth in adults is common. However, this absence is no proof 
against the cysts originating from a new growth to begin with. 

'’ Hadley, M. N.: The Origin of Retroperitoneal Cystic Tumors. Surg., Gynec., and 

Obstet., 22, 174, 1916. 

According to Hadley it seems more than probable that the group of abdominal 
tumors generally classed as chyle cysts do not all have the same origin. The only 
way we have of determining the nature of a cystic tumor is by a study of its life 
history, its location, the structure of its wall and the character of its contents. By 
these criteria, chyle cysts of the abdomen vary so widely that it seems hardly logical 
to ascribe a common mode of origin. 

According to Florence Sabin, in the development of the lymphatic system there 
are two stages: First, the development of a series of isolated lymph sacs, which are 
clearly derived from the veins and which later become united by the thoracic duct 
which connects these sacs with each other. The second stage involves the peripheral 
growth of lymphatic vessels which sprout out from the endothelial lining to these 
sacs and spread over the body. 
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follows: The lymphatic sacs by a process of bridging and cutting of the lumen by 
bands of connective tissue are transformed into a plexus of lymphatic capillaries out 
of which chains of lymph nodes are evolved. If this development of a particula 
lymph node was arrested at a stage when it was still a plexus, we would have th 
basis for the development of a future cyst. According to Hadley, it is some ab 
normality of the first stage of development in this primitive lymph sac that seems 
to offer the explanation of the origin of the retroperitoneal cystic tumors as well 
as those of the neck. The primitive lymph sacs are four in number: The juguiai 
sacs located in the neck, the retroperitoneal sac located in the abdomen opposite the 
lower dorsal and upper lumbar vertebrae and the posterior sacs located in the pelvis 
The retroperitoneal cystic tumors develop at a point corresponding in location to th 
primitive retroperitoneal lymph sac. Hadley concludes that the close similarity of 
neck and retroperitoneal lymph cysts seems strongly suggestive of a common origin 
In addition, the fact that they arise where primitive lymph sacs originally occur i 
also strongly suggestive. 

Abstract of Case: Male, 48. Large abdominal tumor above and to the left of 
umbilicus. In March, 1911, family physician aspirated two quarts of milky, whit 
fluid. Aspirations repeated September, December, 1911, and August, 1912, yielded 
1% gal. yellowish fluid the color of chicken fat. At operation, August, 1912 
enormous cystic tumor filled entire abdomen. The base rested against the posteri 
abdominal wall beneath the peritoneum extending from the arch to right of the vert 
brae to within an inch of the left kidney. The tumor was easily enucleated. Unevent 
ful convalescence until the 12th day, patient suddenly began to vomit and died two 
days later with symptoms of acute gastric dilatation. 

“The tumor wall was fibrous, noncellular, and resembled connective tissue.” 
There was no epithelium (endothelium) present on the inner wall. No chemical 
examination of contents made. 


20 Handfield-Jones, R. M.: Retroperitoneal Cysts: Their Pathology, Diagnosis, and 


Treatment. Brit. Jour. Surg., 12, 119, 1924. 


Defines retroperitoneal cysts as “those lying in retroperitoneal fatty tissues which 


have no apparent connections with any adult anatomic structure save by areolar tis 
sue” (p. 120). 

Again, lymphatic cysts are classified as: (1) Those formed in the lymphatics r 
turning from the intestine-chylous cysts. (2) Those arising in lymphatic field behind 
the peritoneum and not connected with the intestine—single cysts of varying siz 
analogous in origin to single cystic lymphangiomata seen in the neck. 

CLASSIFICATION OF RETROPERITONEAL CYSTS 
Embryclogico-Anatomic Basis 
1. Pronephric 
ho Mesonephric 
)3: Metanephric 
4. Mullerian 


(A) Cysts of urogenital origin 


(B) Cysts of mesocolic origin 

(C) Cysts arising in cell inclusions—teratomatous cysts 

(D) Lymphatic cysts 

(E) Traumatic blood cysts 

(F) Parasitic cysts 

(G) Cysts of developmental origin in fully formed organs—the kidney, the pancreas 


*1 Hahn, Eugene: Uber Mesenterial cysten. Beitr. klin. Wehnschr., 24, 408, 1887. Go 


summary. 


*2 Hedinger: Casinstische Beitrage z. Kenntniss der Abdominalcysten. Virchows Arc! 


167, 20, 1902. 
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Henschen, K.: Beitrage z. Geschwulstpathologie des Chylusgefassystems. Inaug. Dis- 





sert., Zurich, 1905. 
The most comprehensive monograph on the subject up to the present. All 






, : aspects of the subject are covered. Excellent list of references (252). For the 
reader’s convenience, the following summarized excerpts may be of interest: Henschen 
states that the presence of chyle-like fluid may come from relatively few connections 


with chyle-bearing lymphatics or may come through fatty degeneration of tissue lin- 


Se SLEW BER che SS 


ing the cysts. Henschen (p. 66 and 67) refers to Koblanck and Pforte’s case 


FRniatine 


(Virchows Arch., 161, 44, 1900), of a women, age 61, with a huge retroperitoneal 
cyst containing 25 liters of creamy fluid identical in its chemistry and morphology 
with those of chyle; yet microscopic examination proved it to be a huge hydro- 
nephrosis. 
Again (p. 70 and 71): In the starving animal, chyle and lymph are practically 
the same. The amount of fat found in chyle depends upon quantity and quality of 
ingested food. Henschen quotes the following observations to show that lymph in 
lymphatics (of the extremities, for example) after fatty meals, contains fat in practi- 
cally the same percentages as that in the chyle-bearing lymphatics. Thus, Hensen 
(Pfiigers Arch., vol. 10) in a boy of 10, with a lymph fistula, reported from 2.8 to 
30.6 per cent of fat in lymph. Lang (after Hammersten, text-book of physiologic 
chemistry, 3rd ed., 1805; p. 159), in a girl of 17, with a lymph fistula of thigh an 
average of 24.5 per cent fat in lymph, lastly, Munck and Rosenstein (Virchows Arch., 
vol. 123), in a girl of 18, weighing 60 Kg, found 0.6 to 2.6 per cent fat during hunger 
periods rising to 47 per cent after fatty meals. 

) 4 Hensen: Uber die Zusammensetzung einer. als Chylus aufzufassenden Entleerung aus 

der Lymphfistel eines Knaben. Arch. f. d. ges. Physiol. v. Pfluger, 10, 94, 1875. 

Higgins, T. T., and Lloyd, E.: 1924, (Slocum) Mesenteric Cysts with Report of Two 

Cases. Brit. Jour. Surg., 12, 95-105, 1024 

Male, 5. Tumor occupied entire right side of the abdomen. “X-rays demonstrated 

a retroperitoneal tumor pushing intestines forward.” Celiotomy: Multilocular cyst: 

35 oz. brown, turbid, odorless fluid; thick wall of fibrous tissue with endothelial 

lining. (An excellent illustration accompanies this article.) 

Female, 45. Cyst; right lumbar and right hypochondriac regions. Right lumbar 
incision. Seven pints greenish-brown fluid, aspirated. Excision. Recovery. 
“" Hill, J. M.: Mesenteric Chyladenectasis. Am. Jour. Path., 13, 267-276, 1937. Dis- 
cussion and bibliography. 
” Hochenegg: Lymphcyste d. Mesent. Wien. klin. Rundsch., 81, 1895. 
** Hoffmann, V.: Zur Kenntnis der Chyluscysten. Deutsch. Ztschr. f. Chir., 151, 137-142, 
3 1919. 
j “’ Heuper, W.: Mesenteric Enterocystomata. Jour. Lab. and Clin. Med., 12, 427, 1026. 
von Hippel: Retroperitoneale Lymphcyste und Pankreascyste. Arch. f. klin. chir., 88. 


1014, 1900. 





; Female, 63. Large retroperitoneal cyst—gallbladder above, stomach and first 
part of duodenum displaced downwards (they lie on mesial and anterior aspects of 
cyst wall), transverse colon below; right kidney outside and behind. Unilocular: 
three extensions toward vertebral column—one strand extending mesially and back- 
ward, joins another from above, 3 cm. away from cyst wall (in Strauss and Sayre’s 
case, cyst wall was smaller—has similar strands. Schorlemmer’s case likewise. 

\uthor). These extensions contained chyle; ligated and divided. Marsupialization. 
Death 28 days later from large abscess in pouch of Douglas, secondary to old 
ischiorectal abscess. No connection with cyst. At postmortem, cyst wall found ad- 
erent to duodenum and colon; separate from pancreas. Right kidney free from 


yst, but had two orange-sized cysts of its own. Tracts described at operation not 
ound at hurried autopsy. 
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31 Killian, G:: Eine grosse retroperitoneale Cyste mit Chylusartigen Inhalt. Berlin klin 
Wehnschr., 23, 407, 1886. 

Female, 61. Tumor in right hypochondrium, aspirated twice; 2,500 cc. and again 
four weeks later, 2,200 cc. obtained. Operation four weeks later. Celiotomy—Mar- 
supialization. Hand introduced into open cyst could feel the psoas, vertebral column 
and aorta to left; right kidney lay in front of cyst wall. Recovery. Specimen of 
wall not taken. (Probably the first case to be operated upon in Germany.) 

82 Klemm, Paul: Beitrag zur Genese der Mesent. Chylangiome. Virchows Arch., 181, 
541, 1905. 

Male, 2%. Multilocular chyle cyst of mesentery of ileum. Small intestine (ileum) 
stretched like a flat band over cyst wall. Resection; recovery. Cyst contained 1,500 
cc. of chyle. Specimen showed dilated tortuous lymphatic vessels for 25 to 30 cm 
from cyst wall. Close to the cyst, cavernous formation. 

Discusses variations in: 

Site: from radix to edge of intestine; usually in mesentery of small intestine 
(50) rarely in mesocolon (2). 
Size: Microscopic, to that of a cocoanut or larger. 
Number: 1. Single unilocular the most frequent. 
2. Less frequently multilocular unicystic or polycystic. 
3. Or variations, viz., one large, many smaller (see Tuffier). 

Good, detailed microscopic description of cyst wall. For cases similar to 

Klemm’s see Ritter (after Klemm), Moynihan, and Vertan. 
°3 Koblanck and Pforte: Hydronephrose mit chylusahnlichem Inhalt und eigenartige: 
Wand, nebst Bemerkungen tiber Chyluscysten. Virchows Arch., 161, 44, 1900. 

Woman, 61. A huge retroperitoneal cyst containing 25 liters of fluid identical 
in its chemical and morphologic constituents with those observed in chyle. Micro- 
scopic examination of elements of cyst wall proved it to be a hydronephrotic sac. 

34 Lanzarini: A Large Cystic Lymphangioma of the Right Iliac Fossa.  (transl.) 
Zentralbl. f. d. Gesamte Chir., etc., 4, 714, 1914. 

Female, 49. Excision. Microscopic: Multiple lymphangiomata. 

35 Millard and Tillaux: Kyste due mesentere chez un homme. Bull. Acad. de Med. de 
Paris, 17, 831, August, 188o. 

Male, 31. Tillaux (Operator). Celiotomy—Pedunculated chyle cyst of the 

mesentery. Excision. Was “like removal of an ovarian cyst.” (Early French case.) 

> Minnervini, R.: Lymphangioma of the Omentum, Multiple Cystic Lymphangioma of the 


Abdomen. La Clinica Chirurgica, 23, 90, I9I5. 
7 Moynihan, B.: Tumors of the Mesentery. Med. Chron., 36, 345, 1902. See also 
ANNALS OF SURGERY, 26, 1-30, 1897. (Moynihan’s case similar to Klemm’s and 


Vertan’s. ) 
38 Most, A.: Chirurgie der Lymphgefasse und der Lymphdrusen. Neue Deutsche Chirurgic 
24, 307, 1917. 
Brief but comprehensive. Very worthwhile. 


wo 


® Narath, A.: Uber retroperitoneale Lymphcysten. Arch. f. klin. Chir., 50, 763, 1805 

(1) Male, 52. Cyst size of man’s head occupied left half of abdomen. Drained 
by left lumbar incision, 4,000 cc. of chyle obtained. Death from sépsis. Postmorten 
Wall 1 Mm. thick; cyst in front of left kidney. Considered to have originated in 
left lumbar lymphatic plexus. No microscopic examination of cyst wall. 

(2) Female, 22. Large retroperitoneal cyst the size of a man’s fist, pointing 
thigh. At operation (excision) found to originate near transverse process of lun 
bar vertebra two fingersbreadth below umbilicus. Unilocular with several extension 
Wall thin in some places, thicker in others. Lining: Granulation tissue with foreign 
body giant cells. 

Strehl (Deutsch. Ztschr. f. Chir., 178, 18909) and Minssen (Deutsch. Ztschr. 
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Chir., 83, 577) questions whether Narath’s second case was not that of a psoas 





abscess. 
40 Obalinski, A.: Uber serose retri yperitoneale cysten. Wien. klin. Wchnschr., 4, 719, 1891. 


Female, 57. Cyst size of man’s head. Diagnosed as hydronephrosis or echinococ- 


EN pe cae 


cus cyst, was retroperitoneal in right lumbar region; aspirated, then enucleated 
easily. Microscopic examination of wall; fibrous connective tissue and elastic tissue. 
Contents: Watery. Apparently a retroperitoneal lymph cyst from millerian or 
wolffian rests. (Przewoski, Polish author, 1889.) 

Obalinski lists cases of serous cysts prior to 1891, Bramann, Hahn, Solman, 
Kosinski, 


‘! Proust and Monod: Contribution to Study of Mesenteric Cyst Especially Chyle Cysts. 





=] Rev. de. Gynec., etc., 19, 225, 1912. 
3 A comprehensive monograph; detailed reports; good illustrations; very com- 


plete reference list. 
2 Prutz, W., and Monnier, E.: Die Chirurgischen, Krankheiten u. die Verletzungen des 
Darmgerkroses und der Netze. Deutsche Chirurgie, 46, 1913. 
re Chapter on cysts and tumors of the mesentery (especially p. 338-343) gives a brief 
a but comprehensive summary on lymphangiomata. Also includes Henschen’s classi- 





fication of mesenteric cysts—analogous to Handfield-Jones classification of retroperi- 
toneal cysts. 
8 Quincke, H.: Deutsch. Arch. f. klin. Med., 16, 121, 1875. 
Describes chylous ascites—due to cicatricial obstruction to lacteals of mesentery 
4 close to border of intestine, also obstruction of thoracic duct by tumor growth, with 
: rupture of distended lacteals. Lastly, rupture of thoracic duct by whooping cough 
paroxysms followed by chylous ascites. (Wilhelms.) 
4 Ribbert, H.: Virchows Arch., 151, 381; Geschwulstlehre, 151, 181, 1904; Allgemeine 
Pathologie, p. 223-224 and 2409. 
vy. Ritter (Chiari’s pupil in Prague) : Zur Kenntniss der Cystischen Lymphangiome in 
Mesenterium des Menschen. Ztschr. f. Heilk., 21, 31, 1900. 
* Roller, C. S.: Mesenteric Cysts. Surg., Gynec., and Obstet., 60, 1128, 1935. 
Good historic review. Estimates 500 cases in the literature. Interesting sta- 
tistics from recent hospital reports showing great rarity of the condition. (See 





Slocum also. ) 
‘7 Rosenheim: Demonstration eines Praparates von Multilocularen chylosen Mesenterial 
cysten b. Kinde. Deutsch. med. Wchnschr., 23, 68, 1897. 
'’ Rokitansky : Lehrbuch d. Path. Anat., 3 Aufl., 2 Teil, p. 295. (after Elter). 
tj Postmortem: Male, 36, Pulmonary tuberculosis. Retroperitoneal cyst size of a 
: child’s head. Pancreas above, duodenum to right, descending colon to left. Contents: 
Milky fluid, blood tinged. Varix-like enlargement of a lumbar extension. 
'’ Sarwey, O.: Ein Fall von retroperitonealer chyluscyste bei einern 11 jahrigen Madchen; 
Extirpation, Heilung. Centralbl. f. Gyn., 221, 407, 1808. 
Female, 9. First seen August, 1894. Two years previously abdominal tumor 


ae 


noticed. Two aspirations made previously, in September, 1893, and in June, 1894. 
Admitted to the clinic December, 1894, to August, 1895. In May, 1895, tumor as- 
pirated, 6,200 cc. clear, milky fluid drawn off. Second admission December 20, 1895. 
Aspiration March, 1896, 6,000 cc. obtained. (Note: In 1806, child fell striking 


SA RE 


PT 


abdomen, was sick with symptoms of peritonitis for three weeks in bed.) Dis- 
charged August, 1897. November, 1897 (third admission). 

Celiotomy: December 3, 1897. Huge retroperitoneal tumor. Posterior parietal 
peritoneum divided in order to expose cyst. Cyst opened and five liters of same 
typical milky fluid obtained. The stem of cyst projected from between stomach and 
ransverse colon and originated from posterior parietes. (An excellent line drawing 
1ccompanies this article.) Was easy to trace stem of cyst to head of pancreas with 

hich it was connected by a stem 2 cm. long, the thickness of a little finger, Here 
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it was divided, and the same milky fluid escaped from the proximal end. No adhesioi 
with any of the neighboring organs. Stump cauterized with actual cautery, buri 
and abdomen closed. Uneventful convalescence. 

Chemical and microscopic examination of contents showed similarity to mill 
no digestive ferments. Cyst Hall: Uniformly smooth interior except on a few spot 
where there are smaller daughter cysts. Microscopic examination showed smoot 
muscle cells, connective tissue, blood vessels, endothelial lining. Diagnosis: Retr 
peritoneal unilocular chylangioma. (At time of extirpation the girl was II years old 
A good review of subject up to date of publication. 

“© Sick, Conrad: Beitrag zur Bau u. Wachstum der Lymphangiome. Virchows Arc! 





170, 9, 1902. 

Male, 21. Retroperitoneal cavernous lymphangioma with cyst formation involy 
ing most of the retroperitoneal space from diaphragm to pelvis and to both sides 
of the vertebral column. Detailed pathologic report clearly illustrated. Well wort! 
reading in original. A good example of a misleading titlke—no one could guess it t 
indicate a retroperitoneal lymphangioma. 

A tumor of this extent and character is inoperable. 

51 Schorlemmer, R.: Beitrag zur casuistik der retroperitonealen cysten. Deutsch. med 
Wehnschr., 28, 914, 1902. 

Male, 54. For six months some difficulty in swallowing, stomach trouble, belc! 
ing. Noticed a tumor of the right side of abdomen below naval near midline. Opera 
tion—Feb. 17, 1902: Cyst to the right, retroperitoneal, unilocular, contained about 
1,000 cc. of chyle. Upper and lower poles impossible to remove. These were ligate 

x lymph nodes. Pos 


and remainder of cyst excised. No connection with pancreas 
terior parietal peritoneum sutured. Recovery. Microscopic examination of cyst wall: 
Connective tissue with a tendency to fatty degeneration of the layers from without 
inwards. No endothelial or epithelial lining. (Absence of endothelial lining noted 
by most authors.) In fluid—fat droplets; no pancreatic ferments. Schorlemmer 
considers the preoperative belching and dysphagia to have a reflex irritation as thei 
cause. (Patient admitted lifting a very heavy wagon.) 
®2 Slocum, M. A.: Surgical Treatment of a Chylous Mesenteric Cyst by Marsupializati 

Am. Jour. Surg., 41, 464, 1938. 

Female, 48. Cyst filled almost entire left upper quadrant of abdomen, size re 
duced by aspiration (1,000 cc.) ; cyst opened; aorta and vertebral column to be feit 
through cyst wall. One loop of small intestine densely adherent to cyst. Recovet 
Cyst wall showed connective tissue, lymphocytes, no endothelial lining. Diagnosis: 
Chyle cyst of mesentery with fibrosis and chronic inflammation. Analyses of chyle 
similar to those cited by Henschen (1905). 

°3 Smoler, F.: Zur Kasuistik der Mesenterialen Lymphcysten. Bruns Beitr. z. klin. Chit 
32, 205, 1901-1902. 

Male, 60. Chyle cyst in mesentery of small intestine size of a child’s head. 
Radiating, distended lymphatics contained chyle. Cyst aspirated first to lessen its size 
then enucleated (it reached to root of mesentery). Cyst wall 2-4 Mm. thick. Ac- { 
curate gross and microscopic description of three separate layers of cyst wall. 2 





Smoler notes that presence and absence of endothelial lining of cyst wall is re- & 

ported by equal numbers of authors. In all cases, however, endothelium is seen a 
lining lymph spaces within cyst wall proper. a 

54 Speckert, J.: Ein Fall von Chyluscyste. Arch. f. klin. Chir., 75, 998; 1905. 


Female, 29. Chyle cyst in mesentery of lower ileum; marsupialized. Recovery 
Well two and one-half years later. Detailed microscopic description of three layers 
of cyst wall. 

A carefully written, comprehensive article; covers historic, pathologic and clinical 
aspects, including differential diagnosis treated in considerable detail. 





It is interesting to note meticulous description of the physical examinations of sf 
that era. They included examination under anesthesia, with patient in Trendelenburg : 
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position, and pelvic examination as a matter of course; also inflation of stomach and 
f colon to determine relation of cyst (or tumor)-to the intestines and to the liver ; 


measures less frequently resorted to since advent of roentgenologic examination. 
Strauss, S. F., and Sayre, B. E.: Retroperitoneal Chyle Cyst. ANNALS OF SURGERY, 
102, III8, 10935. 

Female, 38. Retroperitoneal chyle cyst size of a grapefruit; liver and _ gall- 
bladder upwards and to right; stomach and duodenum below and to left. Posterior 
parietal peritoneum incised. Three large lymph vessels seen going into anterior 
surface—upward, downward and to the left. Ligated. Cyst removed. Cyst bed 
drained. No subsequent leak of chyle. Recovery. Fluid: “Chyle, verified by micro- 
scopic examination.” No report on cyst wall. 

Strehl, Hans: Retroperitoneale lymphcyste oder senkungsabscess. Deutsch. Ztrschr. f. 

Cites Narath’s case of the 22 year old girl and considers it probably of tuberculous 
character with clear fluid content. His own case (1897), man of 20 operated upon 
by von Eiselsberg, was considered to closely resemble Narath’s case. Portion of cyst 


Chir., 51, 178, 1899. Assistant to Eiselsberg in Konigsberg. 


present in thigh (left) was incised and one liter of clear yellow fluid escaped. In- 
terior of cyst wall showed many polypoid excrescences. Finger introduced through 
this opening in thigh passed upwards beneath Poupart’s ligament into pelvis. A sound 
could be passed upwards to the region of the left kidney. Part of cyst wall removed 
for microscopic examination. Many giant cells in wall and in certain places typical 
miliary tubercles. Therefore Strehl is certain this was a tuberculous abscess point- 


ll 


g in the thigh, although no bony focus could be demonstrated. (K6nig speaks of 
“congestionsabscessen” with serous contents, ref. Textbook for Special Surgery, Vol. 
3, p. 374). Strehl considers the fact that the so-called cyst could not be readily 
enucleated but was densely adherent to fascia and intramuscular ligaments as addi- 
tional evidence for the diagnosis of tuberculosis. 

In Strehl’s case, the cavity was filled with iodoform glycerin and the wound was 
closed tightly. Nevertheless, the wound broke down and a fistula developed which 
seemed to be closing at the time of publication. 

' Swartley, W. B.: Mesenteric Cysts. ANNALS OF SURGERY, 85, 86, 1927. 

Abstract: Rokitansky, Brucy and Virchow ascribed origin from degenerated 
lymph nodes. Dowd, in 1900, reported a cyst of transverse mesocolon in a woman, 
closely resembling a multilocular ovarian cyst. He suggested its originating from 
embryonic sequestration. Moynihan and ‘Ayers also stressed embryonic origin. 


Klemm considered cysts as neoplasms developing from misplaced or sequestrated 





portions of mesodermic tissue; i.c., embryonic in origin. Cystic disease of the 
mesentery is more frequent in women than in men. 

First case: Female, 7. Cyst, mesentery of ileum size of grapefruit. Wall 
showed three layers—inner, serous; middle, muscular; and a thick fibrous envelope 
i undergoing calcareous changes. 

Second case: Male, 26. History of trauma in region of right kidney. Cyst in 
mesentery of upper jejunum. Enucleation. Recovery. Contents: “Sebaceous ma- 
terial.” 

Syms, Parker: Chyle Cysts of Mesentery. ANNALS OF SURGERY, 23, 605, 1806. 


Male, 19. Cyst in mesentery of ileum, four inches in diameter; “14 oz. pure 


chyle” ; enucleated; recovery. 
“4 ilger, A.: Uber ein Fall von Lymphcyste innerhalb des Ligamentum Hepatogestricum. 
Virchows Arch., 139, 288, 1895. 

Postmortem: Female, 71. Died of uremia and bronchopneumonia. Healed 
gastric ulcer at lesser curvature; unilocular lymph cyst containing 14 cc. of yellowish, 
fatty fluid in gastrohepatic ligament. 

Tilger’s concept of a “lymphangitis chronica desquamativa” as causing this cystic 
formation did not meet with acceptance by later authors. To sustain his contention 
ilger cited the report of Engel Reimers (Arch. f. klin. Chir., 23, 632, 1879) of a 
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lymphangioma of the stomach wall supposedly due to stenosis of lymph vessels follow 
ing cicatricial contracture of a chronic gastric ulcer of the lesser curvature. (Ol 
viously cases of coincidence—not of cause and effect. { Author. | ) 

6° Timbal, R.: Rev. de Chir., 41, 45, 1910. Early, frequently quoted article. 

61 Tuffier: Unilocular Chyle Cyst of the Mesentery (Small Intestine). Bull. et. Men 
de la Soc. de Chir. de Paris, 18, 582, 1892; and 30, 457, 1904. 

Case 1.—Male, 48. Size of head of a fetus; in the mesentery close to vertebral 
origin. . Excised; cured. 600 cc. of fluid in cyst. 

Case 2—Child, 12. Signs of chronic intestinal obstruction for several years 
Multilocular. One cyst contained one liter of serous fluid; another, two liters of 
chylous fluid. Many numerous small cysts infiltrated the mesentery. 

62 Vertan, E.: Uber ein seltenen Fall von Chylangioma cysticum Mesenterii. Zentralbl. 
Chir., 63, 86, 1936. 

Female, 5. Operated for chronic appendicitis; at celiotomy—free milky fluid 
present. Two mesenteric cysts of ileum pinched the intestine between them; I0 cm. 
of intestine resected with cysts. End-to-end suture. Recovery. 

Good illustration. Klemm, Moynihan also had similar cases. 

68 Volkmann, J.: Uber chylus cysten am Halse. Bruns Beitrage z. klin. Chir., 146, 654, 
1920. 

Male, 34. Fluctuating swelling, size of a hen’s egg, in right supraclavicular re 
gion. Diagnosis lay between cold abscess, bronchial cyst and lymph cyst. At opera- 
tion, cyst was easy to enucleate except where densely adherent to internal jugular 
vein which was injured but repaired. Several enlarged lymphatic vessels seen leading 
into cyst. Multiple fine ligatures to cyst bed, it being impossible to pick up individual 
lymph vessels. Recovery. 

Cyst unilocular; smooth inner wall. Microscopically, the wall showed three 
layers. Outer: Thin vascular connective tissue, with much perivascular infiltration 
Middle: Dense connective tissue, with many circular elastic fibers and few smooth 
muscle fibers, containing many widened lymph capillaries. Inner: Longitudinal elastic 
fibers, with a single layer of endothelial cells lining the inner aspect. This intima 
coat showed scattered round cells. A few lymph follicles in the wall at one point. 
Diagnosis: “Lymphangioma chylocysticum, partim cavernosum.” 

Volkmann gives nine references regarding chylorrhea of the lower extremity. 
(See Henschen* also.) There is an extensive tabulation of the chyle obtained from 
his own three cases, and compared with that obtained by Grauhan. (Grauhan’s 
case was in a pregnant woman, and the fluid might have come from an aberrant 
mammary gland.) 

The author considers the embryology of lymph vessel formation according to 
Bonnet. (See Handfield-Jones,*° Florence Sabin’s work), and cites Herbert Neu- 
mann’s etiologic classification of tumors of the lymphatic vessels. (Arch. f. klin. 
Chir., 147, 314, 1927.) 

(1) Mechanical Theories. 

(A) Distention of the afferent lymph vessels of thoracic duct, caused by tumors, 

congenital defects, infarct of inspissated chyle, obliteration of the main duct. 

(B) Trauma. 

(a) Traumatic escape of lymph. 
(b) Rupture of the thoracic duct. 
(C) Chronic inflammation of lymph nodes in tuberculosis, typhoid fever, dysen- 
tery. 
(a) Inflammatory changes in the node itself, or, 
(b) In the afferent lymph vessels, through independent growth of the wall. 
(2) Neoplastic Theories. 
(A) Congential (chylangioma of Henschen). 
(B) From the mesoderm. 
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‘ Warfield, J. O.: A Study of Mesenteric Cysts with Report of Two Cases. ANNALS OF 
SuRGERY, 96, 320, 1932. 
Study of 129 cases of mesenteric cysts (estimates 500 in the literature). Exten- 
sive bibliography on both mesenteric tumors and cysts. 
' Wegner: Uber Lymphangioma. Langenbeck’s Arch. f. klin. Chir., 20, 641, 1877. 
Was the first to classify (differentiate) lymphangiomata as simple, cavernous and 
cystic. His classification accepted ever since. 
66 Weichselbaum: Eine seltene Geschwulstform des Mesent. (Chylangioma cavernosum. ) 
Virchows Arch. 64, 145, 1875. 

Male, 80. Died of scurvy and pneumonia. Chance finding at postmortem. Tumor 
of mesentery of upper ileum size of a saucer, at first taken for a lipoma—proved, micro- 
scopically, to be a fatty, cavernous lymphangioma showing all stages simplex, 
cavernous and cystic forms. (See also cases of Smoler, Klemm, and Godel.) One of 
the first cases to receive detailed microscopic study. 

Weichselbaum refers to Billroth (1858), who held that activity of the connective 
tissue stroma was responsible for originating the process in lymphadenoma cavernosum. 
Weichselbaum questioned how chyle could occur in lymphadenomata so far from the 
lacteals. Cited Desjardins (1854) ; a woman with a lymphadenoma simplex of thigh 
and abdominal wall, leaking milky fluid, fat droplets, etc. Aubry (1866) found milky 
fluid in cysts of thigh. Petters (1875) found milky fluid in a labium majus. (See also 
reference to Henschen above.) Weichselbaum noted fatty degeneration of endothelium 
and inner walls of cyst. 

Winiwarter, A.: Chylangioma Cavernosum in Abdomine. Med.-Chir. Centralblatt. 


- 


(Wien), 14, 4 and 15, 1870. 

Female, age 4 months. Born with abdominal mass, now so enlarged that respira- 
tory and alimentary functions were impeded. Aspirations of milky fluid from left 
hypogastrium as follows: (1) April 20, 1876, 3,000 cc., (2) September 12, 1876, (3) 
November 18, 1876, (4) December 19, 1876, (5) January 16, 1877, 2,000-3,000 cc. each 
time. The parents then decided against operation and the patient was lost track of. 


Discusston.—Dr. ALLEN QO. WuippLe (New York) discussed the dif- 
ferential diagnosis of retroperitoneal chyle cysts and of retroperitoneal cysts and 
tumors in general, because of the difficulties they present in accurate diag- 
nosis, Which has so much to do with accurate and efficient surgical therapy. 
He also discussed certain points in regard to the operative therapy of intra- 
abdominal cysts, particularly the retroperitoneal varieties. 

In regard to differential diagnosis, Doctor Whipple pointed out that these 
masses appear on both the right and left sides and, on the right side, have to be 
differentiated from enlargements and tumors of the gallbladder, duodenum, 
adrenals, kidney, liver and pancreas. Accurate roentgenologic studies, with 
cholecystograms, barium studies of the duodenum and jejunum in relation to 
the palpable mass, and pyelograms, both intravenous and retrograde, help tre- 
mendously in reaching a diagnosis, as was well illustrated in Doctor Gerster’s 
Case. ; 

On the left side, these masses have to be differentiated from stomach, spleen 
and pancreas, left adrenal and left kidney. Perhaps the most frequently over- 
looked lesions are the tumors of the stomach, which can be very easily con- 
fused with cysts of the pancreas and with enlarged spleens. In these left-sided 
masses, a small amount of barium by mouth together with a barium enema help 
greatly in determining the relation of the cyst to the stomach and bowel. Ac- 
curate urologic studies are also very important. At times an ordinary roentgen- 
ogram of the abdomen shows a calcification of the wall in these cysts which 
frequently narrows the diagnosis to a pancreatic or renal cyst. Sometimes a 
pleumoperitoneum will give accurate information. Doctor Whipple said he 
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was not familiar enough with the peritoneoscope to say whether or not this 
examination would be of real help. 

Concerning operative therapy, excision is the procedure of choice and 
gives, without question, the best results. But in so many of these retroperi 
toneal cysts, especially those connected with the pancreas, as well as th 
dermoid cysts, retroperitoneal excision is exceedingly difficult. At times ex 
cision can be accomplished in two stages, if a one-stage procedure is not possi 
ble, 7.¢., after partial excision and marsupialization, or the shrinking of the 
cyst and its surrounding vessels, the remains of the cyst can be removed by a 
second operation. Doctor Whipple said he had done this in two cases where it 
was impossible to consider excision. 

Other possible procedures are partial excision with marsupialization ; mar 
supialization, when it is the only method possible, with the employment later 
of a sclerosing solution; for the deep-seated cysts, drainage, and later the in- 
jection of sclerosing fluid ; and anastomosis of the cyst wall to the stomach or 
the jejunum, as has been done in several instances of pancreatic cysts. Doctor 
Whipple said he had performed an anastomosis between the cyst and the 
stomach in a case of cyst of the pancreas. 

Dr. THomas H. Russe_t (New York) described two cases of mesenteric 
cyst which he had recently encountered. One followed trauma. It was a 
compensation case about which Doctor Russell stated in his report to the 
insurance company that he did not know whether trauma had anything to do 
with it or not. The company took it for granted that it was due to trauma 
and settled. The cyst was the size of a small orange and was freely movable. 
The patient had both kidneys of the wandering type, particularly on the left 
side, and Doctor Russell took the cyst to be a left kidney. He approached it 
through a loin incision but the kidney did not have the degree of mobility he 
expected. He delivered a large cyst which he was able to dissect free from 
the mesentery. The patient’s chief complaint was pain in the back, which 
Doctor Russell had attributed to the kidneys rather than to a cyst. The pa- 
tient was entirely relieved. 

The second case occurred in a man, in the sixties, who had had his leg 
amputated for an epithelioma of the foot that would not heal. He had a mass 
that could be shifted all around the right side of the abdomen. The chief com- 
plaints were obstruction and cramp-like pains. Shortly after being discharged 
from the hospital following the amputation of his leg, he was readmitted for 
intestinal obstruction. The roentgenographic report was that of a mass, pos- 
sibly a neoplasm of the sigmoid. Doctor Eggers was prepared to operate when 
the mass suddenly disappeared. The patient was discharged, but returned 
several weeks later with a recurrence of the mass. Doctor Russell opened the 
abdomen and found a cyst involving the lower part of the ileum and sigmoid 
only. An ileotransverse colostomy was performed because the man’s condition 
was not very good, intending later to remove it. The cyst seemed to be in the 
wall of the cecum and produced obstruction, The ileum was markedly dilated. 
After the patient left the operating room he ceased to breathe for one hour 
and 15 minutes, during all of which time Doctor Peterson treated him by 
artificial respiration. The patient recovered. The cyst again disappeared, and 
he was discharged. The second-stage operation has not yet been undertaken. 

Dr. JOHN C. A. GERSTER (closing) recalled that sclerosing solutions after 
marsupialization were much in vogue in the early cases. Modern solutions 
are more effective and less dangerous. He called attention to the fact that 
Doctor Russell's cases were both of mesenteric chyle cysts, of which there are 
450 to 500 reported in the literature. A most careful search has failed to 
disclose more than 16 to 18 retroperitoneal chyle cysts. The scope of the paper 
did not permit consideration of mesenteric chyle cysts. 
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THE ROLE OF THE NERVOUS SYSTEM IN ACUTE 
INTESTINAL OBSTRUCTION 


AN EXPERIMENTAL INVESTIGATION 
Jacop Fine, M.D., Louis Rosenretp, M.D., anp SAMUEL GENDEL, M.D. 
Boston, M ASS. 


ROM THE SURGICAL LABORATORIES, BETH ISRAEL HOSPITAL, AND THE DEPARTMENT OF SURGERY, HARVARD MEDICAI 


SCHOOL, BOSTON, MASS 


AMONG the numerous factors which have been considered significant in 
the death from acute intestinal obstruction, the nervous system has been 
alluded to recently by Herrin and Meek' and by Taylor, Weld and Har- 
rison.= These investigators claim to have prolonged the survival time of 
dogs, dying from distention of intestinal loops, by denervation of the adjoin- 
ing mesentery. The renewed impetus recently given to the nervous element 
in traumatic shock (O’Shaughnessy,* Freeman*t), to which the prelethal 
stage of intestinal obstruction has been compared (Moon*), perhaps adds 
weight to the need of further appraisal of this aspect of the condition. An 
experimental technic, which we believe permits a more crucial evaluation 
of the adverse effects of nervous stimulation in acute intestinal distention 
than is possible by the method of Herrin and Meek or of Taylor, Weld and 
Harrison, was utilized in the work which forms the basis of this communica- 
tion, 

Mretuop Emptoyep.—The celiac ganglion and all the splanchnic nerves 
or the subdiaphragmatic vagus nerves, or both, were resected in the cat. (The 
adequacy of the resection was confirmed by postmortem examination in all 
instances.) Several days or weeks later, when the animal was fully recovered, 
the empty small intestine (7.e., the cat had been allowed only water for the 
preceding 24 hours) was ligated, under ether anesthesia, at the pylorus and the 
ileocecal valve and a glass cannula leading from a Perusse bottle tied securely 
into the terminal ileum. The abdomen was closed around the cannula and 
the animal allowed to recover from the anesthetic. The entire small intestine 
was then inflated with air which was maintained at a constant intraluminal 
ressure. The level of pressure, which varied in different groups of animals 
irom 100 to 800 Mm. of water pressure, was established gradually by increas- 
ing increments of 100 Mm. of pressure every hour. At the termination of the 


experiment upon the death of the animal, the survival time, the fluid content 
ol the stomach, intestine and peritoneal cavity and the condition of the bowel 
wall were observed (37 experiments) and compared with corresponding con- 
trol animals which had not been denervated (25 experiments) and other con- 
tro] animals which were neither distended nor denervated (6 experiments ). 
ive of a series of 10 dogs were subjected to spinal cord transection at the 
fourth to the fifth dorsal segment. Three to five days later, without further 
(lenervation, they were distended in the same manner as the cats. The same 
submitted for publication February 15, 1939. 
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data were obtained from these animals as from the cats and compared with 
those from five other dogs which were neither denervated nor had their spinal 



















cords transected. 

Resutts.—(A) Effect of Denervation on Survival Time: In Chart 1 the 
survival times of the various groups of cats have been plotted against the levels 
of intra-intestinal pressure. From these data it appears: (1) That the sur- 


vival time is inversely proportional to the height of the intra-intestinal pres- 
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Cuart 1.—A comparison of the survival times of cats, with and without denervation 


of the gastro-intestinal tract, in which the entire small intestine, ligated at both ends, 
was continuously inflated at various levels of intraluminal pressure. 
sure; (2) that complete denervation of the small intestine by resection of the 
celiac ganglion, with or without bilateral vagotomy, does not prevent or delay 
the death of the animal from distention. 
t is furthermore apparent that parasympathetic denervation (bilateral sub- 


diaphragmatic vagotomy) does not prevent death or substantially minimize 
the lethal effect of distention. The results obtained in dogs whose spinal cords 
were transected at the fourth to the fifth dorsal segments make it clear that 
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sympathetic denervation also does not delay the extremely rapid death of dog 


from distention (Chart 2). 


(B) Effect of Denervation on Fluid Accumulation in the Intestine and 


Peritoneal Cavity: In Table |, the total fluid content of the small intestine and 
of the peritoneal cavity has been tabulated under the various experimental con 
ditions studied. The average fluid content of the small intestine of undistende 

control animals at the time of death is 46 cc. When the intestine is subjected 


to continuous distention pressures of 100, 200, 400, 600 or 800 Mm. of water 
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CuHart 2.—A comparison of the survival times of dogs, with and without spinal 


cord transection, in which the entire small intestine, ligated at both ends, was 

continuously inflated at various levels of intraluminal pressure. 
until death results, the corresponding average fluid volumes are 25, 45, 26, 31 
and II cc., respectively, in the undenervated animals, and 43, 42, 43, 35 and 
14 cc., respectively, in the denervated animals. These figures do not sub- 
stantiate the prevailing opinion that fluid accumulation in the intestine is 
caused by an increase of intra-intestinal pressure. Nor do they indicate that 
the extrinsic nerve supply substantially influences the fluid production in the 
small intestine of cats dying from acute distention of the entire small bowel. 


+ 


6 a) 


In a previous paper,® evidence was presented that the loss of plasma 1) 
the peritoneal cavity incidental to gaseous distention of the intestine was in- 
sufficient per se, or in combination with the fluid loss into the bowel wall and 
lumen, to constitute a primary mechanism in the death from distention. Cor- 
responding data from similar experiments in animals with various types of 
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howel denervation show no substantial difference in the results (Table 1). 

Discussion.—In the continuing search for the cause of death from intestinal 
obstruction a variety of agents have been demonstrated which clearly contrib- 
ute to the lethal result. But no single pathogenic factor has as yet been 
demonstrated to be present and operative in all types of obstruction and which 
per se can account for the death. The revival of the neurogenic theory, for 
further elucidation of the cause of death, receives no confirmatory support 
from the experiments herewith reported. The denervation experiments of 
Taylo1, Weld and Harrison, who used a nonobstructing balloon in the upper 
jejunum, led them to conclude that their animals were rendered immune to 
the effects of distention because of a prolongation of the survival time from an 
average of 29 hours to one of 75 hours, at which time the animals succumbed to 
peritonitis. The experimental conditions utilized are not comparable to those 
prevailing in mechanical obstruction and the adverse effects usually associated 
with obstruction were not observed. Herrin and Meek noted beneficial effects 
from denervation of Thiry-Vella loops in dogs whose gastro-intestinal tract had 
been reconstituted. Here, too, the experimental set-up can be related to 
bstruction only in respect to the presence of a painful stimulus producing 
anorexia and a loss of water and electrolytes. The extreme degree of disten- 
tion pressure (650-1300 Mm. water) used in the experiments of these inves- 
tigators' * was far in excess of that which is observed in man and presumably 
caused extreme pain in the undenervated dogs. Their death is conceivably 
attributable to a state of shock produced by the neurogenic mechanism (pro- 
longed sympathetic stimulation) described by Freeman and implied in the 
experiments of O’Shaughnessy. Shock, to be sure, appears in the prelethal 
stages of experimental and clinical mechanical obstruction and, to the extent 
to which the neurogenic factor operates so as to add to other existing burdens, 
it may not be ignored. In the light of our experiments, however, obliteration 
of a neurogenic type of shock will not prevent rapid death in obstruction. 

Braun and Borrutau‘ postulated a neurogenic etiology for the death in 
obstruction, according to which noxious stimuli reached the brain and produced 
failure of vasomotor and other vital centers. In evidence, they presented 
observations of a fall in blood pressure in animals with strangulation obstruc- 
tion. Continuous tracings of the blood pressure curve in a considerable 
number of our experiments with simple closed loop obstruction showed a 
sustained blood pressure until very shortly before death. 

Shock due to other than neurogenic causes may be a significant and per- 
haps all important factor in simple obstruction. Experiments now in progress 
indicate that the loss of plasma volume, a primary feature of shock, may be 
alone sufficient to cause death, and that this loss of plasma may occur in the 
absence of dehydration or loss of electrolytes by vomiting, and in the absence 
of significant fluid losses into the bowel lumen, bowel wall and_ peritoneal 
cavity. 

Weath from distention, in our experiments, occurred in the absence of a 
notable loss of fluids and electrolytes into the stomach, bowel wall and lumen 
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or peritoneal cavity whether or not the gastro-intestinal tract had been deprived 





of its extrinsic nerve supply. In both groups the stomach was usually found 
empty and the fluid in the bowel lumen, bowel wall and peritoneal cavity did 
not exceed the values found in the undistended controls in amounts sufficient 








to explain the rapid death from distention. 
The conflicting data in the literature as to the relative importance of the 
various lethal factors involved in obstruction arise from the extremely selective 








conditions of many of the experimental technics. The use by so many in- 





vestigators of a high jejunal or duodenal closed loop, by focusing exaggerated 





attention on one phase of the processes involved, blurs the picture of the 





balance of forces usually operating in clinical mechanical obstruction, where 
» Ss 





one is usually dealing not only with secretory loops, but with absorptive loops 
in continuity with them. Absorption in the jejuno-ileum, if hindered by in- 







creased intraluminal tension, is not, therefore, to be dismissed as not operating 





at all to counterbalance the activity of the higher secretory loops. Conse- 
quently we consider the data from our experiments, utilizing the whole small 






intestine, as a closer approximation to the facts than the data from the use 






of small segments possessing a restricted function. 








CONCLUSIONS 


The survival time of cats with obstruction and gaseous distention of the 





small intestine is inversely proportional to the level of the pressure in the lumen 





of the bowel. Preliminary exclusion of the extrinsic nerve supply of the gastro- 





intestinal tract does not influence the survival time of such animals. 
Fluid accumulation in the intestinal lumen, bowel wall and peritoneal cavity 
in these animals is not sufficient to account for their rapid death. Extrinsic 







denervation of the gastro-intestinal tract does not significantly alter the fluid 






volume in the intestine or peritoneal cavity. 
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THE TREATMENT OF VOLKMANN’S ISCHEMIC CONTRACTURE* 
Henry W. Meyerpina, M.D. 


SECTION ON ORTHOPEDIC SURGERY 
AND 
‘ > 3 ’ 4 . . 
FranK H. Krusen, M.D. 
SECTION ON PHYSICAL THERAPY, THE MAYO CLINIC 


Rocuester, MINN. 


THE flexion deformity of the wrist and fingers resulting from contraction 
and fibrosis of the flexor muscles of the forearm is known as Volkmann’s 
ischemic contracture. Affecting children and occurring as a complication of 
fractures of the lower end of the humerus, it results in permanent partial or 
total disability when once it becomes established, despite the most expert 
surgical and physical treatment. 

It is of interest to note that in the articles and reports of cases published 
since the original report of Volkmann in 1869, no author has claimed a cer- 
tain method of cure. While there has been some difference of opinion in 
the past as to the factors involved in the production of the contracture, we 
believe that the etiology is now better understood and that means of prevention 
are available. 

It is only through the use of conservative stretching and surgical methods 
that benefit can be obtained in the treatment of long-standing Volkmann’s 
contracture. Without physical therapy, little can be accomplished. In every 


case of ischemic contracture, whether operation is performed or not, physical 


therapy is the greatest aid in recovery of a useful extremity. In consider- 
ing the use of physical measures in the treatment of Volkmann’s ischemic 
contracture, one is impressed with the paucity of information on this par- 
ticular phase of treatment. In a paper published in 1930, one of us (Meyer- 
ding’) pointed out that the value of physical therapy cannot be overemphasized 
and that it should be continued for a considerable period of time. 

At The Mayo Clinic a series of 182 cases of Volkmann’s ischemic con- 
tracture has been observed.” In cases of fracture of the lower end of the 
humerus the factors leading to the production of Volkmann’s ischemic con- 
tracture are as follows: The force which breaks off the lower fragment car- 
ries the condyles backward and strips the periosteum away from the posterior 
surface of the proximal fragment, this space promptly filling with blood. 
The lower end of the proximal fragment is carried forward and downward, 
piercing the periosteum and forcing its way against the soft tissues; blood 
vessels and nerves become compressed and hemorrhage infiltrates the ante- 
cubital spaces and, if severe, as from a ruptured artery, forces its way into 
the forearm. Nerves may be severed and paralysis may be noted before 

* Read before the meeting of the Western Section, American Congress of Physical 

ipy, Los Angeles, Calif., June 9, 1938. Submitted for publication September 9, 1938. 
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there has been time for an ischemia to develop. Undue roughness or lack 
of skill in handling may aggravate the injury and increase pressure already 
present. Muscle-pull holds the overlapping bones in malposition; this furthe1 
impairs circulation in the forearm. 

The extent of injury up to this time depends on the type of fracture and 
local injury to soft tissues. Figure 1a shows Volkmann’s ischemic contrac 
ture of the left forearm of a boy, age 19. The contracture had been present 
for ten years and had followed an injury to the elbow. At the time of the 
injury a tight bandage had been applied; this had been left in place for one 
week. The patient had had severe pain following the application of this 
bandage. No treatment was given at the clinic. Figure 1b shows Volk- 
mann’s ischemic contracture of the left forearm of a boy, age 8. The con 
tracture, which had followed a supracondylar fracture, had occurred six 
months before the patient was brought to the clinic. At the time of the 
fracture the arm had been placed in a position of acute flexion, and adhesive 
tape and bandages had been applied. The patient had complained of severe 
pain following this treatment but the splint had been left on the arm for 
five weeks. An operation had been performed to free adhesions about the 
elbow. Treatment at the clinic consisted of the application of a Jones splint 
and the use of physical therapy. This treatment produced improvement. 
Figure Ic shows Volkmann’s ischemic contracture of the left forearm of a 
man, age 20. The contracture had occurred after a supracondylar fracture, 
eight years before the patient came to the clinic. At the clinic treatment 
consisted of lengthening of the tendons, manipulation and arthrodesis of the 
wrist, and the subsequent use of physical therapy. The result was excellent ; 
the patient was able to work and he could hold objects in his hand and use 
it. Ifthe fracture is not reduced, the result may be malunion with a rather 
good functional result in the forearm and some limitation of motion in the 
elbow. Should arterial hemorrhage be unchecked, venous flow is interfered 
with by the development of a subfascial hematoma; distention, tenderness 
and induration of the antecubital space, and pain, cyanosis, and loss of pulse 
and numbness take place. The arm becomes cold and blue, the pulse is absent, 
blebs appear on the skin, intense pain occurs, and, unless intrinsic pressure 
is relieved, contracture will take place. In a matter of a few hours, not days 
or weeks, the injury to the muscle fibers has occurred. In the presence of 
induration in the antecubital space, the first effort should be devoted to re- 
lieving the intrinsic pressure rather than reducing the fracture. Excellent 
results are usually obtained in uncomplicated supracondylar fractures which 
have been treated immediately by accurate reduction and retention in a 
position of flexion. Repeated observations of the color of the hand and of 
the volume of the pulse should be made lest an unrecognized hemorrhage 
appear and impair circulation. The position of the fragments should be 
checked to be sure displacement has not occurred. 

Malunion occurs in 40 per cent of cases in which a fracture is associated 
with ischemic contracture. In many instances the displacement occurs dur- 
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ing attempts to relieve pain and swelling by releasing the retentive dressing. 
Holding the fracture in acute flexion cuts off circulation and it should be 
insisted upon that the patient assume the recumbent position; the forearm 
should be suspended for a few days until reduction can be accomplished more 


safely. An airplane splint is excellent for ambulatory patients. Patients 


should not be permitted to be up and about with arms swollen and cyanotic 
and hanging at their sides. If the patient is seen at a time when the ante- 
cubital space is distended and tender and the pulse is faint and the skin is 
bluish-red in color and there is great pain, all dressings should be removed 
and the arm should be elevated on pillows with the elbow extended beyond a 
right angle. Warm, but not hot, moist dressings should then be applied. If 
within the next hour the swelling increases and the pulse is absent, the con- 
dition should be considered serious and preparation should be made for sur- 


Fic. 1.—Volkmann’s ischemic contracture; (a) of left forearm of male patient, age 19; (b) of left 
forearm of a boy, age 8; (c) of left forearm of a man, age 20. 


gical intervention. In such cases the stage is set for the production of an 
ischemic contracture. Occasionally, such cases are seen after several manipu- 
lations have been performed and considerable time has intervened since the 
fracture. The arm is then distended to such an extent as to demand imme- 
diate relief through surgical measures. 

Skeletal traction, by means of a Kirschner wire through the olecranon, is 
an excellent method of correcting malposition of the fragments and should 
not, in certain cases, be overlooked as a useful aid, either as a preliminary to 
exploration of the hematoma or after careful operative inspection of the 
brachial artery and median nerve. Free incision over the hematoma and 
through the deep fascia liberates muscle tissue and blood which have been 

der tension. An incision mesial to the biceps permits the bicipital fascia 

be divided close to the tendon, and the artery, vein and nerve can readily 
inspected. Complete rupture of the brachial artery has been observed as 

ll as partial or complete severance of the nerve. The deep fascia over the 

arm may require division, and this may be done subcutaneously by means 
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The fracture may be reduced and internal fixation used 


of a special knife. 
The entire arm is then enclosed 


by means of bone screws or Kirschner wire. 
in a large, moist alcohol and boric acid dressing and is suspended in abduc 


In 


tion. 
position to meet the complications following supracondylar fractures and to 


If the preventive measures described have been followed, one is in a 


prevent many of the disastrous complications of ischemic contracture. 




















Fic. 2.—Economical method of splintage by means of ordinary wooden tongue 
depressors: (a) typical Volkmann’s contracture; (b) tongue depressors used as splints 
to extend the fingers; (¢) tongue depressors used as splints to extend metacarpo 


phalangeal joints as well as the fingers; (d) long wooden splints used to extend 
the wrist and hand. The splints are padded with a thin layer of felt and are 


loosely retained in position by circular bands of adhesive tape. 
CONSERVATIVE TREATMENT OF VOLKMANN’s ISCHEMIC CONTRACTURE. 
Volkmann’s ischemic contracture may occur in a few hours, and the earlier 
treatment is begun, the better will be the results. After relief of intrinsic pres- 
sure, no time should be lost in attempting gradual extension of the involved 
muscles. During the early stages, in the presence of edema and clots, heat 
and massage aid the absorption. After the deformity has been present for days 
or weeks, heat, massage, and gradual extension by splints are preferable, as 
by this time clots and swelling are subsiding. 
Splints are first used to extend the fingers; and later they are employed 
continuously to extend the fingers and wrist when physical therapy is not 
There has been considerable progress in conservative 
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treatment? since the general acceptance of the method of Sir Robert Jones, 
which consists in the gradual, continued stretching of the contracted tissues. 
This method should be undertaken during the acute stage, which lasts for 
about a week. If the patient is not seen for weeks or months after the onset 
of the contracture, plastic operative measures on the soft structures or plastic 
procedures on the bones must be considered. In cases in which the contrac- 
ture is severe, operation may be the only means of correcting the deformity 
and postoperative physical therapy then allows further improvement. In all 
cases individual conservative treatment (that is, physical therapy) is applied 
at the same time, either without operative intervention if the patient is seen 
during the first week, or possibly following operative treatment if he is seen 
later. With Sir Robert Jones’ method the wrist is passively flexed to allow 
the fingers to extend and each finger is strapped in the extended position by 
means of a small gutter-splint or by means of an ordinary tongue depressor. 
The patient thereafter immediately attempts systematic extension of the meta- 
carpophalangeal joints which are contracted (Fig. 2). 

In a few days the joints usually stretch sufficiently to allow the applica- 
tion of longer ‘splints, which extend to the wrist. The wrist is still allowed 
to remain flexed and either a flat metal splint or a thin boxwood splint is 
used to flatten both the hand and finger. The wrist is then extended a little 
farther each day and held fixed in the corrected position. Once the finger and 
metacarpophalangeal joints are straightened, one may use a molded palmar 
and forearm splint with a hinge at the wrist to assist in the dorsiflexion of 
the wrist. Occasionally splints which have extension arms and which are 
fitted with elastic bands that will produce elastic traction may be employed to 
advantage. In some instances a banjo splint used with rubber bands fastened 
to adhesive tape on the fingers permits the fingers to be exercised at all times 
and is most efficient. Such a splint is inexpensive and can be made in a few 


minutes (Fig. 3). It has been pointed out by Jones and Lovett? that as the 


contracture yields to this mechanical treatment the hand improves greatly in 
function, the circulation improves, and the fingers often show a return of 


voluntary power. However, if the ischemia has caused complete obliteration 
of the muscle fibers, it is obvious that good function cannot be obtained. 
Nevertheless, patients are most grateful for relief from the claw deformity 
which is so conspicuous. The splinting should always be combined with the 
use of radiant heat, contrast baths, gentle massage, and in some instances with 
electric stimulation of the muscles. The first few treatments may consist of 
applications of radiant heat or whirlpool baths combined with light massage. 
The splints may soon be adjusted and worn during the intervals between 
treatments ; however, motion may be augmented by gentle passive movements 
and occasionally by electric stimulation. We usually rely, principally, on heat 
and massage as aids to gradual stretching, and do not believe that painful 
assistive motion or forceful manipulation under anesthesia is advisable. 
Splints.—In addition to the methods of splinting which have been men- 
ed, Milici!® has described a splint which was constructed especially for 
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the treatment of Volkmann’s contractures. This is a modification of the famil- 
iar banjo splint and closely resembles the splint described by Howitt* for 
correction of deformities of the hand in the treatment of atrophic arthritis. 
Howitt’s splint in turn is a modification of the splint described by Kahlmeter.® 
Milici’s modification of the banjo splint for treatment of Volkmann’s contrac- 
ture is characterized by the fact that it has a hinge at the wrist joint with a 
removable pin, which permits separation of the two parts of the splint. At 
the wrist the two parts of the splint have, on either side, a groove through 





Fic. 3.—Banjo splint used to maintain extension of the fingers and wrist; splint is held by ad 
hesive tape attached to the fingers and connected to the splint by rubber bands; this splint may be 


’ “4 . } 
adjusted to various positions, is economical and permits active movement of the fingers; it can ¢ 


easily applied by any physician; (a) dorsal view; (b) palmar view. 

which a small metal rod can be inserted in such a manner that the distal part 
of the splint can be immobilized to any desired degree of dorsiflexion by 
simply bending the rod. Mailici recommended that traction he made on the 
fingers by attaching them to the ring of the banjo splint by means of the so 
called Japanese finger-traps (small tubes of soft straw which cling to the 
finger when it is inserted in one end of the tube and traction made on the op 
posite end). These finger-traps have been made chiefly as trick toys. In out 
opinion, they are not as satisfactory as adhesive tape, since they slip off th 
fingers too readily. We prefer straight, padded tongue depressors for exten 
sion of the phalanges and thin, padded boxwood splints for extension of tl 
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metacarpophalangeal joints and flattening of the hand. Thereafter, in most 
instances we use a molded palmar and forearm splint (with a hinge joint at 
the wrist and with arms for elastic traction), or occasionally use a modified 
banjo splint. 

Heat.—In conjunction with splinting, the use of other physical measures 
has never been sufficiently stressed. It seems wise to remove the splint once 
each day, in order that the other physical measures may be applied. Heat 
from a luminous source (such as a U-shaped baker containing six or eight 
60 watt tungsten or carbon filament lamps, placed directly over the elbow, 
forearm, and hand, or a 250 watt gas-filled tungsten lamp in a cup-shaped re- 
flector, placed at a distance of two feet |61 cm.] from the elbow, forearm and 
hand) should be applied for 20 to 30 minutes. Even better, the whole arm 
may be immersed for a period of half an hour in a whirlpool bath, which is a 
bath of whirling, aerated water kept constantly at a temperature of 110° F. 

The latter method of applying heat seems most efficacious, as the mechani- 
cal effect of the whirling, aerated water apparently aids in the production of 
a peripheral hyperemia and seems to produce a relaxing action on the muscu- 
lature by its gentle massaging effect. However, any one of the methods of 
applying heat, which have been mentioned, may be employed as a preliminary 
to the massage and manipulation which should be used before reapplication 
of the splint. If regions of anesthesia are present, heat should be applied 
with due caution to prevent burns. 

Massage—Massage, properly applied, starting with light effleurage (strok- 
ing) and progressing to deeper petrissage (kneading) and to friction (a 
circular, rolling motion to loosen scar tissue and adhesions), may be applied 
by skilled hands. In the treatment of Volkmann’s ischemic contracture, the 
time to be consumed by such massage will usually be about ten minutes. 
Mennell® states: “Massage treatment is constantly recommended as a remedy 
for ischemic contracture. It is a slow and tedious affair and cannot be com- 
pared in efficacy or rapidity with treatment by splintage. But there is little 
doubt that massage can hasten the recovery when splintage is used. It 
should be applied whenever the splint is altered or readjusted in any way.” 
Great care should be taken not to allow the structures that have been kept in 
a state of tension by the splint to contract appreciably during the treatment. 
\t the same time, it is wise to see that flexion is fully maintained whenever 
treatments are administered. 

Manipulation Manipulation may be carried out for the most part manu- 
ally. Occasionally, as mentioned by Jones and Lovett, electric stimulation may 
be employed. Clinicians have, as a rule, been slow to. apply the principles of 


mechanoelectric stimulation of muscles which were laid down by physiologists 


years ago. There are available, in most well equipped hospital physical therapy 
lepartments, devices which will generate a smooth, not unpleasant, sinus- 
idal current that will produce rhythmic contractions of muscles in such a 
ay that atrophy is combated to a slight degree, and deep massage and im- 
roved circulation are produced. When voluntary muscular action is present, 
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such stimulation is not necessary, but when a patient cannot, or will not, 
move the involved muscles, such electric stimulation may prove of some value. 
If a sinusoidal apparatus is not available, a simple, small faradic coil can be 
utilized which may prove to be a fair substitute in the few cases of Volkmann's 
ischemic contracture in which electric stimulation may be required. If electric 
stimulation is deemed advisable, the time consumed will usually be about five 
minutes, and sufficient current should be used to produce rather strong 
rhythmic contractions of the muscles. Such electric stimulation of atrophied 
muscles should always be given within the limits of fatigue. Fatigue is indi- 
cated by slowing of the muscle’s response to the electric stimulus. At the first 
sign of such slowing of muscular contraction, treatment of that particular 
muscle, or group of muscles, should be stopped at once. 

Finally, manual manipulation of the affected arm and hand should be 
performed. This should consist of passive movements and active assistive 
exercises. Coulter and Molander’ have said: “The chief aim of passive move- 
ment is to maintain suppleness and by so doing to prevent contractures and 
the formation of definite adhesions or the general matting of soft tissue. In 
this manner passive exercise of muscles prepares them for active movement. 
Stretching of contractures and old adhesions in chronic conditions should not 
be confused with passive movement. The object of stretching is to loosen 
contracted ligaments, muscles and adhesions in stiff joints. . . . The technic 
of such a procedure should be a slow, steady and gradually increasing pull by 
the operator or with gradually increasing weights. . . . Joint soreness may be 
produced by such a manipulation, and a short application of heat with light 
massage will help materially in making the patient comfortable. As a rule, 
any pain that passes off in an hour is not detrimental to the final success of 
the treatment. If there is an increase of swelling and pain or the range of 
motion is less the next day, too much has been attempted. The angle of move 
ment should always be recorded by using a goniometer, and never estimated 
by the eye of the operator.” 

While continuing careful stretching of the contracted muscles, the opera- 
tor should progress as rapidly as possible to the stage of active assistive exer- 
cise (exercise in which the patient makes the voluntary effort to move the 
affected part and is aided in further motion by the operator). As the patient’s 
condition improves, active motions will become more and more established, 
and the assistive phase will diminish. Specifically, in the treatment of Volk- 
mann’s ischemic contracture the operator should attempt each day, during 
the time that the splint is off, to carry as nearly as possible each involved 
joint through its normal range of motion, bearing in mind the precautions 
just mentioned. The elbow, wrist, and finger joints should each be carried 
slowly through one single arc of motion. <A single slow movement through 
the entire possible range of movement of the joint is much to be preferred 
to a series of short, jerky movements through a smaller range. 

It should be remembered that Jones and Lovett stressed the importance 
of maintaining supination of the wrist, and the operator should direct esp 
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cial attention to supination and pronation of the wrist as well as to extension 
and flexion. 

The time to be consumed by manual manipulations in this particular dis- 
ease will be approximately five minutes. 

Finally, if and when function has been sufficiently restored, active exercise 
in the form of occupational therapy may be instituted. In Volkmann's 
ischemic contracture, three forms of occupational therapy are particularly 
indicated: (1) For the fingers, use of the hand loom, weaving, or basketry ; 
(2) for the wrist, block printing; and (3) for the elbow, the use of a large 
floor loom, the affected arm being flexed and extended while at work with 


the beater of the loom. 
SUM MARY 


Volkmann’s is¢hemic contracture is usually associated with supracondylar 
fractures which have been treated by placing the arm in acute flexion. In 
the presence of swelling and hemorrhage, acute flexion tends to impair circu- 
lation by increasing pressure in the antecubital space, even though the fracture 
has been reduced. Reduction of the fracture may be deferred for several days, 
the treatment being directed to the care of the injury to the soft parts in order 
to preserve function. Elevation of the arm hastens the relief of swelling when 
the patient is in the recumbent position, and abduction on an airplane splint 
is most beneficial when the patient is ambulatory. Incision and drainage of 
large hematomata may be indicated. Reduction and internal fixation of the 
fracture following removal of blood clots are advisable and are useful measures 
in preventing impaired circulation. Prevention of an ischemic contracture is 
possible in many instances provided the patient is seen in time and the utmost 
care is used to combat injury from circulatory stasis. Conservative methods of 
treatment such as the stretching method advised by Sir Robert Jones, that is, 
constant stretching with proper splints in conjunction with heat, massage and 
proper manipulation, produce the best results in cases in which the condition 
is recognized before extensive injury to soft tissue and malunion have occurred. 

Severe deformities of long standing also require surgical intervention which 
is then followed by physical treatment. Intrinsic or extrinsic pressure from 
various causes cuts off the venous blood flow but permits some arterial flow. 
The formation of blood clots results in sufficient pressure to cause an ischemic 
paralysis. Placing the arm in acute flexion, malposition of fragments, or 
pressure (of bandages, splints or casts) may be a contributory factor in im- 
pairing the circulation and producing a hematoma and a subsequent Volk- 
mann’s contracture. We recognize the great value of physical therapy in the 
treatment of Volkmann’s ischemic contracture and employ it with satisfactory 
results in practically all of our cases, whether surgical treatment has been 
carried out or not. 
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MULTIPLE myeloma with its hopeless prognosis is a familiar disease. 
Solitary myeloma of bone, however, with its more favorable prognosis, is 
not so well known or so readily recognized. Observations on this disease 
have multiplied during the past few years and it seems to be fairly well, if not 
finally, established that it is a distinct and important clinical and pathologic 
entity, to which a relatively recent editorial’ called attention. 

A critical review of the literature disclosed that some of the recorded cases 
of a single myeloma of bone are not well authenticated. To substantiate a 
diagnosis of solitary medullary myeloma, the following proofs are indis- 
pensable: (1) Histologic examination of the tumor by a competent pathologist. 
(2) Either careful roentgenologic examination of the entire skeleton or com- 
plete and thorough necropsy. It is realized that occasionally bones may con- 
tain histologically demonstrable foci of myeloma which were not evident in 
the roentgenogram. However, sooner or later such foci do become roent- 
genologically demonstrable. 

On the basis of these criteria, 30 cases of solitary myeloma, with and with- 
out subsequent generalization of the disease, have been collected from the 
literature. An analysis of these cases and a new case, that has been under 
observation for seven and one-half years, are presented. 

Case Report.—J. F., male, white, age 46, seaman, was admitted to U. S. Marine 
Hospital, New Orleans, October 10, 1936, complaining of swelling, stiffness, and pain 
in the left shoulder. In November, 1929, the patient fell and sustained an injury to the 
left shoulder. On January 10, 1930, while fighting, his arm “just dropped” and his 
left shoulder became very painful. He entered a hospital January 11, 1930, where a 
liagnosis of a pathologic fracture of the left humeral neck was made, which was verified 
roentgenologically. Manipulation was undertaken and a Thomas splint applied. Roent- 
genograms on January 23 and 30 showed displacement of the fragments and callus 
formation, Reexamination of the films on February 4, 1930, resulted in the opinion 
that this was a “pathologic fracture occurring in an area with destruction, probably due 
to endothelioma.” High voltage radiation was prescribed. Roentgenograms, February 14, 
1930, showed no evidence of malignant metastases to other bones of the skeleton. 


* Approved by the Bureau of the United States Public Health Service, June 10, 1938. 
itted for publication August 20, 1938. 


427 











PASTERNACK AND WAUGH pene cenet haga 


September, 


Subsequent roentgenologic examinations showed: March 3, 1930: “Considerable 


new callus formation with practically complete union of the fragments. The head o 
the humerus is a little more dense than on the previous examination. There is consider 
able spotty decalcification of the upper two-thirds of the humeral shaft. This is probably 
due to extension of the tumor.” More radiation therapy was prescribed. 

March 31, 1030: “Considerable new callus formation since previous examination 
Bony union is practically complete. There has been no extension of the process.” 

April 10, 1930: “There is further regeneration of bone.” 

In all, five deep roentgen ray treatments were administered. The patient resumed 
his duties as a seaman and worked until December, 1934, when he fell and again injured 
his left shoulder. He was admitted to a hospital December 26, 1934. He was told 
that he had a bone cyst and was given out-patient treatment until April 4, 1935. He 
continued to work but with increasing difficulty. In August, 1936, he entered a hospital 





Fic. 1.—Roentgenogram of the left humerus, showing bone destruction, 
trabeculation and cortical expansion. Roentgenclogic Diagnosis: Giant cell 
tumor. Histologic Diagnosis: Plasma cell myeloma. 


because of considerable swelling of the shoulder, and was transferred to the U. S. Marine 
Hospital, New Orleans, October 10, 1938, for further study and treatment. 

Physical Examination.—The patient appeared well, although he had lost about 20 
pounds of weight. There was a rounded enlargement of the upper end of the left 
humerus. The swelling was regular and fairly symmetrical. It was firm and only 
slightly tender. The muscles of the left arm and shoulder girdle showed marked atrophy. 
Shoulder movements were markedly limited, apparently due to complete fixation of the 
scapulohumeral joint. Roentgenologic Diagnosis: Giant cell tumor of head of humerus 
(Fig. 1). Repeated examinations of the urine showed no Bence-Jones protein or 
other abnormalities. Examination of the blood showed no abnormal hematologic find- 
ings. Wassermann and Kahn tests were negative. 

Operation.—Upper end of humerus was resected November 4, 1936. 

Pathologic Examination—Gross: The specimen consists of the proximal end of 
the humerus at the surgical neck. It is expanded into a pyriform swelling measuring 
8 cm. in its greatest diameter. It is elastic and crackles and crunches on pressure. The 
periosteum bulges. In some areas it is thin and in others it is considerably overgrown 
by old fibrous tissue. The articular cartilage is torn and elevated at the margin. 

The opened specimen shows the cancellous tissue of the head and neck entirely 
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replaced by dark red, friable, soft and firm, hemorrhagic, infarcted tissue that crumbles 
between the forceps. Here and there the clot contains pieces of gritty material. 

The cortical bone is of eggshell thinness and shows numerous fractures and inter- 
ruptions, the periosteum forming the only retainer. The periosteum is apparently in- 


filtrated by tumor and discolored by blood pigment but the growth does not extend 


through it. 

Microscopic.—Frozen sections were stained with 0.3 per cent toluidine blue O. 
Paraffin sections were stained with Weigert’s acid iron chloride hematoxylin and Van 
Gieson’s picrofuchsin, a buffered Romanowsky stain* and a modification of Foot’s stain 
for reticulum. 

The parenchyma of the tumor is compact, diffuse in character and of uniform cell 
structure. It is formed of typical plasma cells. They average 11” in diameter. In 
areas, degenerating cells showing pycnosis and fragmentation of the nucleus are seen. 
Plasma cells containing two and three nuclei occur here and there. Cells exhibiting 
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Fic. 2.—Photomicrograph showing plasma cell myeloma of the humerus. 
(High power.) 


mitotic figures are occasionally seen. Small lymphocytes and cells with lymphoblastic 
nuclei are encountered in some areas. In a few areas a delicate fibrillar stroma is 
discernible but an argyrophilic reticulum could not be demonstrated (Fig. 2). 

The solid masses of cells are interrupted by ramifying sinusoids and cystic spaces 
of various sizes filled with blood. The latter are often separated from each other and 
lined by one or more orderly rows of plasma cells. Numbers of plasma cells also occur 
mixed with the blood. Old and recent disorganizing hemorrhages are present. In 
he periosteum. These strands often carry large, well-formed blood vessels. 

Along the periosteum and occasionally within the tumor thin, deformed and rarefied 


parts of the tumor the parenchyma is roughly lobulated by strands of fibrous tissue from 
t 


fragments of dissolving bone are present. Rarely a spicule is lined by several osteoclasts 
or a chain of osteoblasts. Stretches of the periosteum are split into fine strands by 
infiltrations of solid masses of plasma cells. Occasionally the periosteum shows foci of 
active proliferation. In areas, it is overgrown by vascular and fibrosing granulation tissue 
infiltrated by lymphocytes and contains deposits of old blood pigment. Stretches of the 
periosteum are thickened and converted into old, hyalinized scar tissue. 
llow-Up—Roentgenologic examination of the entire skeleton November 18, 1936, 
and March 2, 1938, showed no secondary foci. Repeated uranalyses have remained 
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negative for Bence-Jones protein. The patient has gained over 20 pounds in weight 


since the operation, appears robust and feels strong. 


































Analysis of Reported Cases. Table I presents, in brief, the important 

4 data from the recorded cases. 

Trauma.—A history of old or recent injury of the part was recorded in 

4 approximately one-half of the cases. In a few, injury preceded the disease 

. by an interval sufficiently long to consider it of some significance; but in the 
majority, the trauma was evidently superimposed upon an already diseased 
bone, in that roentgenograms made shortly after the injury disclosed bone 
destruction or pathologic fracture. 

Pain.—Pain localized to the affected area was an early symptom in 23 
(74 per cent) cases. It was more or less constant, progressive in character 
but recorded as severe in only several of the cases, notably those in which 
the iliac bone was involved. 

Swelling.—Slight to moderate swelling was recorded in 15 (48 per cent) 
cases. Marked deformity was present in several patients. 

Pathologic Fracture.—Fracture occurred in 13 (42 per cent) cases. It 
was spontaneous in six cases, followed trauma in five, developed at time of 
biopsy in one case and shortly after operation in one case. Pain preceded 
pathologic fracture by weeks or months. 

Disabilit,».—In the majority of cases disability was out of all proportion 
to the pain and deformity. 

Age.—The youngest patient was a female, age 19 months, and the oldest 
a woman, age 68. Excluding the infant, the average age of the recorded 
cases 18 49 years. 

Gilmore*® reported multiple myeloma in a little girl, which he stated began 
as a lesion of the right orbit at the age of 18 months. 

Sex.—Twenty of the cases were males and 11 females. 

Bones Involved.—Femur, nine cases; ilium, seven cases; humerus, five 

4 cases ; vertebra, four cases ; maxilla, two cases; parietal bone, two cases ; tibia, 


one case; and clavicle, one case. 


NS ae 


Bence-Jones Proteinuria——This was found in four (13 per cent) of the 
cases at the time of the solitary lesion. In two cases it appeared after the 
sease had become generalized. 


Roentgenographic Appearance.—Solitary myeloma presents two rather 


ee 


haracteristic types of roentgenographic appearances. In Ig (66 per cent) 
' the cases the roentgenogram was that of a giant cell tumor or bone cyst. 
The majority of the remainder suggested metastatic carcinoma. 
Thus we have a new disease entity that often presents the interesting 
clinical behavior and roentgenographic appearance typical of giant cell tumor. 
t all bone lesions giving a roentgenographic appearance typical of giant cell 
tumor or cyst prove to be that on microscopic examination. In order to 
make a correct diagnosis, a biopsy and histologic examination are necessary. 
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Coley** has stated: ““The importance of knowing the nature of the tumor 
before prescribing the type of treatment to be employed far outweighs the 
so-called disadvantages of a biopsy.” However, the biopsy should be the 
last step in the diagnosis of a bone tumor, after all the other aids to diag- 
nosis have been employed. 

Cell Type-—The tumor was clearly plasma cell myeloma in 28 (go per 
cent) cases. In 26 cases the diagnosis was made from biopsy, and in four 
from autopsy material. In the tissue from Cabot’s* case, Tracy B. Mallory 
saw areas in which plasma cells were suggested. In two cases*:*° the cells 
are designated only as myeloma cells. 

Treatment and Prognosis—Table I shows that the reported cases were 
treated by varied methods. For example, cases treated only by curettage,* by 
amputation’? or by roentgenotherapy** showed no recurrence or secondary 
foci after nine, eight and seven years, respectively. Because of the limited 
number of cases observed, one cannot draw conclusions as to the preferred 
treatment. 

The important fact is that although the treatment used varied widely, five 
patients showed cure or arrest of the disease and no secondary foci after 
four, seven, seven and one-half, eight, and nine years. Fifteen patients under 
observation less than three years showed no secondary lesions. The time 
interval in these cases was too short to justify a significant conclusion. 

One patient originally treated by roentgenotherapy followed by a stabiliz 
ing operation was observed over a period of ten years. On the last examina 
tion it was found that the disease was still confined to the original vertebra 
and the adjacent ones. 

In two cases, secondary single foci appeared in the skull three and seven 
months after diagnosis of the primary lesion. Following roentgenotherapy 
the secondary foci in the skull vanished and no other lesions developed after 
20 months and eight years, respectively. 

Multiple myeloma developed in six cases at varying time intervals after 
the diagnosis of the solitary lesion. 

Upon analyzing Table I, it is evident that even though a primary single 
lesion is recognized and presumably adequately treated, a secondary focus 
may arise or typical multiple myelomata may develop at some later date. 

The question naturally arises whether the cases with single lesions that 
remained solitary over a period of years will not subsequently develop multiple 
myelomata. In Table I there will be found cases which developed multiple 
myelomata after varying intervals; the longest, two years nine months fol- 
lowing the primary single lesion. 

Notwithstanding this, it is reasonable to assume that multiple myelomata 
will probably not develop in that group of cases that have been under observa- 
tion for four to ten years and have shown no recurrence or secondary foci. 
These may be called true solitary myelomata. 
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AND CONCLUSIONS 





SUM MARY 





An analysis of 30 cases of solitary myeloma of bone, critically selected 
from the literature, is presented and a new case, that has been under observa- 
tion for seven and one-half years, is reported. 

The cases of solitary myeloma are separable into two groups: (1) Those 
in which the disease began as a solitary lesion but in which subsequently a 
secondary focus or typical multiple myelomata developed; and (2) those 
which, after prolonged observation (four to ten years), remained cured or 
arrested and did not give rise to secondary foci. These may be called true 
solitary myelomata. 

Solitary myelomata often present the interesting clinical behavior and 
roentgenographic appearance typical of giant cell tumor or bone cyst. Hence, 
this disease should be considered when roentgenograms of giant cell tumors 
and bone cysts are studied. 

Although true solitary myeloma is a relatively rare disease, it 1s important 
to remember that it does occur, that it is amenable to treatment, and that the 


prognosis is LO6 cd. 
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AN OPERATION FOR THE CURE OF FLATFOOT 


Ben L. ScnHoo.irietp, M.D. 
Dauuas, Texas 

THE OPERATION to be described was first performed by the writer in De- 
cember, 1926. A résumé of his observations was published! in 1928. In 
March, 1936, the operation was performed before a group of surgeons at- 
tending a regional meeting of the American College of Surgeons in Dallas. 
It has the distinction of being a restorative measure as compared with those 
operations which depend upon arthrodesis (joint destruction) for their suc- 
cess. The loss of resiliency and motion incident to these arthrodeses must be 
quite apparent. 

Weak foot (flatfoot) is a condition which, under the influence of weight- 
hearing, is characterized, anatomically, by a valgus attitude and clinically, 
by early fatigue. Depression of the longitudinal arch, while often noticed, 
may be very slight even in cases clinically serious. 

Etiology.—It is reasonably certain that the majority of cases have a con- 
genital basis, although the symptoms.are frequently not apparent until such 
time as increased weight or activity or debilitating disease calls attention to 
them. The influence of trauma, rickets and such deformities as bowlegs and 
knock knees is not to be overlooked. The faulty transference of weight in 
such deformities is doubtless a factor in the production of symptoms and 
perhaps of deformity as well. The custom of walking with the toes turned 
outward is, at least, conducive to the onset of symptoms. Certain individuals 
of generalized ligamentous relaxation (“loose-jointed”) are exceptionally 
prone to the affection.* 

Morbid Anatomy.—An accurate knowledge of certain features of the nor- 
mal anatomy of the bones and ligaments of the tarsus and their interrelation, is 
essential to a logical understanding of the pathology. Roberts* called attention 
to the “rounded under surface of the os calcis, its small bearing area” and 
the strong ligamentous connection between this bone and other bones of the 
tarsus. He went into some detail as to the mechanics of weak foot as based 
on these important considerations. The author has gone a step further: The 
os calcis (calcaneus) is approximately of the same width as the astragalus 
talus) at the level of the subastragalar joint, but below the sustentaculum 
tall, or overhanging shelf of the heel bone, it becomes narrowed at the ex- 

nse of its medial side. Hence the weight-bearing part of the heel bone is 
f-center with reference to the astragalus and tibia. In other words, a ver- 
ul line drawn down the middle of the tibia behind, and passing through 

center of the astragalus, will necessarily fall toward the medial aspect 
the bearing surface of the os calcis (Fig. 1). This line represents the 
irse of the center of weight or gravity below the knee, the fibula being for 

Submitted for publication May 19, 1938. 
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practical purposes a brace or strut on the side of the leg and ankle. It is 


seen that a mechanical situation exists which gives rise to a natural tendency 


of the heel bone to deviate or rotate outward under body weight. The re 


straining hold of the medial ligament of the ankle joint (deltoid) prevents such 


deviation in normal feet. 


Thus it is seen that a too-long or overstretched 


deltoid ligament is the basis for all weak feet. The scaphoid (navicular) bone 
reaches a lower level, the os calcis tilts outward below and with these the 


rest of the bones of the foot follow suit. This is not to say that in traumatic 


weak foot, certain other factors may not enter the picture, as in poorly treated 


Pott’s fracture, etc. 


Spasticity of the peronei muscles is a sequence and not a primary cause of 


Fic. 1. 


joint (Cunningham) 
necting center 


of astragalus 
represents the 
the os calcis 
sustentaculum 
medial side. 





center of gravity and shows 


the pathology. The same is true of arth- 
ritis, infectious or otherwise. A_ short 


tendo achillis is a frequent concomitant 
condition ; swelling and congestion are. not 
nfrequent. 

Symptoms.—Early fatigue in the erect 
attitude is a constant symptom, quite often 
the only subjective one present. This is 
particularly true in early childhood, when 
it may be noted that patients will not play 
long in the erect attitude. In standing, 
children often flex the great toe sharply 
so that the medial border of the foot is 
raised, thus unwittingly correcting the 
position of the foot. Pain is more often 
present in adolescents and adults seeking 
relief and its location is somewhat variable. 
It may be confined to the medial border of 
the foot in the vicinity of the deltoid liga- 
ment, to the lateral border about the tip 
of the external malleolus, to the undersur 
face of the heel and plantar fascia or it may 
be quite general throughout the foot. More 
remote pain may be felt in the lower back, 
hips, medial sides of the knees or the calves 
of the legs. This is due to the strain in 
cident to malalignment of the feet or to a 


short tendo achillis in case of pain in the calf of the leg. It is of note that 


cases exist with pronounced deformity without appreciable discomfort to the 


patient. 


Diagnosis —The patient should stand with bare feet, their medial borders 


held parallel and sufficiently separated to allow a good view between th: 


feet. It will be noted in case of weak feet that the heel bones do not stand 


erect but incline outwardly from above downward (as viewed from the rear 





438 
























Volume 110 


FLATFOOT 








j Number 3 

1 Che medial borders of the feet are apt to bulge more or less prominently, espe- 

: cially in the vicinity of the scaphoid bone. The longitudinal arch may be de- 

pressed to a greater or less degree. The feet may be red and swollen (Figs. 
2and 3). Tenderness to pressure over the deltoid ligament, beneath the tip 
of the lateral malleolus or under the heel bone at the attachment of the plantar 
fascia or even along this structure, may be elicited. In some cases the 
peronei tendons stand out prominently, due to spasm. There may be a limp 
and the patient often complains of inability to obtain comfortable shoes, a 
situation due to the feet rather than the shoes. In case of rigid weak foot, 
there is marked stiffness and loss of suppleness due to concomitant arthritis, 

; 

i 
. 4 


22 naib le 





; Fic. 2.—J. L., Case 4: An instance of Fic. 3 Same case as Figure 2: Note flat- 
4 bilateral flatfoot. Note bulging medial borders ness of longitudinal arch and venous conges 
f ankles and outward slant of heels. tion. 


either infectious or coming on as a consequence of the prolonged strain of 








malalignment. Such feet require special treatment not coming within the 


province of this article. 


T'reatment.—Conservative treatment has been undertaken for a long time 
Pe but without permanent results—the deformity remains. Strapping of the 
a eet with adhesive plaster, Thomas heels and numerous types of braces, or 
. arch supports,” have all been used with some success in alleviating or re- 
; lieving the symptoms. Exercises designed to strengthen the tibial muscles 


ve been emphasized, but no voluntary muscle alone, however strong, will 


ntinuously hold firmly against the outward rotation of the foot under 


ight-bearing.* Maury,* the gynecologist, used to tell the class in discussing 


* By this, I do not mean to imply that the exercises are not beneficial, only that they 


iot effect cures per se. 
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perineorrhaphy: “The fasciae of the pelvic floor must be brought together 
and sutured for adequate support of the pelvic organs. One cannot rely upon 
the muscles of the pelvic floor, for no voluntary muscle will withstand constant 
strain without fatigue and relaxation. The fasciae, being of connective tissue, 
will do that.” An axiomatic truth is there expressed and holds equally 
good here. 

Author’s Operation—A curved incision is made behind and below the 
internal (medial) malleolus, beginning about one inch above the level of the 











_— 


Fic. 4.—Author’s Operation: Malleolus exposed and dissection of periosteal flap begun. Note 
tendon of the tibialis posterior undisturbed. Inset: Dissection continued downward, stripping the 
deltoid ligament from the medial malleolus, side of astragalus and forward to scaphoid bone. The 
ankle joint is thus exposed. Note elevation of periosteum above, facilitating later closure. 








tip of that bone and midway between the bone and the adjacent margin of 4 
the tendo achillis and carried down and forward to the astragaloscaphoid joint 
(talonavicular). A skin flap is dissected up proximal to this incision in such 
manner as to uncover the malleolus. With a scalpel, the periosteum is in- 
cised transversely to the bone above and vertically from the ends of this incision 
so as to outline the front and back limits of the malleolus. Care should be 
taken not to open the sheaths of the tendons behind. From the lower end 
of the front incision, the soft parts are incised obliquely downward and fo: 
ward along the anterior margin of the deltoid ligament to the scaphoid bone. 
A periosteal elevator is now used to free the periosteum from the bone both 
440 
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and slightly upward from the transverse incision, this latter to 


downward 
The dissection of the periosteum is continued 


allow easy suturing later on. 
to pick up the deltoid ligament, freeing it from the malleolus and 


downward 
aspect of the astragalus. The dissection is carried close onto the 


the medial 
hone, forward to the scaphoid, downward to the sustentaculum and backward 
The elevator must be turned 


and downward alongside the astragalus.* 
rather vertically in freeing the ligament from the tip of the malleolus, obliquely 
from that point on. The dissection passes beneath the tendons in this vicinity 











The foot is held in marked varus, the periosteal-ligamentous 


Fic. 5.—Author’s Operation: 
above to take up the slack. Sutures have been 


flap drawn tautly upward and sufficiently excised 


t in. Note “‘stay’’ sutures of mattress type. nset: Skin incision as closed. 


and they are returned undamaged to their normal relationships in closure. 
The deltoid ligament is now free down to its distal fan-shaped insertion (Fig. 
4). An assistant now holds the foot in a marked varus attitude with special 
attention to the heel. Tension upward is put upon the periosteo-ligamentous 
p and this is excised above to the extent that it overlaps the transverse 
eriosteal incision. Chromic gut or kangaroo tendon is used to suture the 
above and at its sides but it is well to place a few deep “stay” sutures, of 
ttress type, through the thick part of the deltoid to be attached above as a 
iminary. The skin may be closed with dermal sutures (Fig. 5). If the 
lo achillis is too short, it should be elongated by the “Z-method” as a pre- 
“A slight flow of synovial fluid will indicate exposure of the joints. 
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liminary. A plaster-of-paris bandage is applied over the sterile dressings, 
extending from the toe tips nearly to the knee. Naturally, the foot and heel 
-_— must be held firmly in inversion or varus until the plaster has become firm. 

Postoperative Care-—Upon completion of the operation, the foot appears 
to have a varus deformity and the same is true upon removal of the plaster 


handage some weeks later, but this need cause no concern, as it will soon regain 





its normal appearance and must, in fact, be protected against undue strain lest 


a recurrence of the deformity take place after the removal of the plaster 


RSs ei 


bandage. For that purpose, adhesive plaster strapping may be used until the 


Fic. 6 Fic. 7 





= 
? 
Ys net 











Fic. 6—Case 2: Postoperative result at the end of six months. Note vertical attitude of the heels. 
Fic. 7.—Same patient as in Figure 6. Operated upon in 1927, showing the result six months 
stoperative. Note longitudinal arch as restored in left foot. Plaster casts of feet, before and 


ter operation, show not only correction of extreme deformity but shortening of medial borders 
feet as well 


tenderness has lessened following removal of the sutures. Thomas heels or 
braces (or both) are used to raise the medial sides of the heels when the 


tient begins to walk. The weight must be kept off the feet for at least five or 





weeks following operation. During that period, the patient may sit up, 
get about in a wheel-chair or be transported in an automobile. But time must 
llowed for firm union of the ligament to the bones to occur before the 
ent is allowed to stand or walk without adequate support.* Of course, if 


* This support should be kept up for at least six months. This is very important to 
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only one foot at a time is operated upon, crutches may be used and the 
patient made ambulatory. 

Since 1926, the author has performed 25 of these operations, a sufficient 
length of time having elapsed, therefore, to afford a test of the durability of 
the results (Table I). Some of the patients have been lost sight of, largely 
through moving to distant points, but great effort has been made to ascertain 
their present status, if they could be found. Recurrence of deformity, either 
partial or complete, has not been frequent. It is chargeable to poor coopera- 
tion in after-care or subsequent development of inflammatory disturbance of 
gonorrheal origin in some of the adults. The existence of calcaneal “spurs”’ 
in these latter is highly suggestive as to the source of trouble. A low state 
of nutrition in some of the younger patients may have been a factor. The 
majority of patients have been from charity clinics, hence the presence of such 
obstacles to success is easily explainable. The ages of the patients have 
ranged from three to 39. In the youngest case, the separation of the flap 
was difficult on account of the great softness of the bones. For that reason, 
it is perhaps better to wait until the patient has reached the age of six or 
eight. 

Any opinion expressed by the writer would be purely personal as to the 
effectiveness of this procedure, but it is his belief that, when it is carried out 
properly on well selected cases, the results both clinically and anatomically 
will be highly satisfactory in the majority of cases. 

In three operations, the technic was modified to include an arthrodesis of 
the astragaloscaphoid joint of one foot, and a shortening of the plantar fascia 
by imbrication through a transverse incision in both feet of another patient. 
The results in those patients did not appear to warrant the additional pro- 
cedure, and the operation as above described has been used exclusively within 
recent years. 


CONCLUSIONS 

(1) Flatfoot is the direct consequence of a deltoid ligament too long to 
perform its normal function of holding the os calcis in the erect attitude during 
veight-bearing. 

(2) The valgus attitude, or outward slanting of the heel, is the only con- 
tant, appreciable objective sign.* 


f 


(3) Early fatigue is the one constant, subjective symptom. 

(4) Palliative measures may relieve symptoms but do not effect cures. 

5) Restoration to normal can be attained only by attacking the problem 
at its souree—the deltoid ligament must be shortened surgically. 

(6) The operation is adequate, because it utilizes the normal anatomy of 
the foot in correcting the deformity. No joints are destroyed by arthrodesis 
as has been done in practically all of the operations heretofore reported. 


It will be noted that throughout this discussion, the height of the longitudinal arch 
stressed, this factor being regarded as of secondary importance and having no real 
valuc in the cause of the pathology. 


a 
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THE TREATMENT OF ANKLE MALUNION 
A STUDY OF END-RESULTS 


Wituram R. Hamsa, M.D. 
OMAHA, NEB. 


FROM THE UNIVERSITY OF IOWA, DEPARTMENT OF ORTHOPEDICS, SERVICE OF DR. ARTHUR STEINDLER 


THE TRAUMA and strain of weight-bearing place great stresses upon the 
articular and periarticular structures of the lower extremities. Thus, minor 
joint incongruities which would be considered negligible in the joints of the 
upper extremity are sufficient in the lower extremities to produce unfavorable 
results over a longer period of time. This is especially true of the ankle 
joint, where the synchronization of motion between the tibiofibular mortise, 
the astragalus, and subastragalar joint is marked. This latitude of motion 
may be a predisposing factor to the frequent ankle disability with which we are 
at present concerned, namely, the fractured ankle. Malunion following the 
usual Potts or Cotton fracture occurs frequently even in the hands of those 
experienced in approved methods of treatment of these fractures. Failure 
of immediate or early closed reduction of a fracture is usually followed by 
necessity for open operation, either immediate, to properly repose the frag- 
ments, or late, to reconstruct the joint which has progressed to the stage of 
degenerative arthritis with associated disability consisting of pain, weakness 
and instability. 

Treatment of these unfavorable end-results may be either conservative or 
operative. The former, and incidentally the initial method in the majority 
of cases, consists of support in the form of inner-wedged shoes, arch supports, 
elastic bandaging, braces, physiotherapy, such as heat, massage and contrast 
baths, and medication in the form of salicylates. Suggestive arthritic his- 
tories are always followed by appropriate investigations for possible foci of 
infection and their eradication. 

Conservative therapy failing, surgical correction of malunion or of trau- 
matic sequelae is necessary. Accurate apposition of fragments, however, is 
difficult and can be successful only in very early stages; apposition in the 
late stages is associated with sufficient operative trauma to instigate traumatic 
Mal- 


union is often associated with considerable disalignment and the correction 


arthritic changes. Other methods of attack are, therefore, necessary. 
of this deviation responds favorably to an osteotomy properly placed (Fig. 
I \stragalectomy may place the weight-bearing stresses in a more favor- 
able region, especially if both tibio-astragaloid and subastragaloid joints had 
been involved in the fracture (Fig. 2). The foot may be stabilized and aligned 
by an arthrodesis of subastragalar and midtarsal joints if these had been 
Injured, but this procedure overlooks the ankle joint proper which is 
bmitted for publication January 19, 1039. 
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usually altered as well (Fig. 3). Ununited fragments may be excised whet 
they serve as a block to free motion provided their absence will not decreas: 
the stability of the angle (Fig. 4). Lastly, the tibio-astragaloid joint may be 
obliterated surgically as well as the subastragaloid and midtarsal joints! 


Fic. 1.—Supramalleolar osteotomy for 
ankle varus. 





Fic. 2.—Astragalectomy 





(Fig. 5). Fusion of the tibio-astragaloid joint alone in ten to 15 degrees 
equinus produces a fairly movable foot as compensatory increase in motion 
follows in the subastragalar and midtarsal joints. Fusion of all the joints 
about the astragalus produces a stable and painless foot, the gain being but 
little disturbed (Fig. 6). 
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Fic. 3.—Triple arthrodesis for old -fracture of Fic. 4.—Fracture of Stieda’s prt 
the astragalus with traumatic arthritis of the sub- cess of the astragalus; relieved by sur 
istragalar joint gical removal of the fragment. 

‘ 
4 
; 
3 Fic. 5.—Tibio-astragalar arthrodesis for old fracture of 


the posterior margin of the tibial joint surface; with traumatic 
arthritis. 
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Materia! for this study consists of 113 patients seen on the Orthopedic 
Department at the State University of lowa. These malunions are divided i 
according to pathology present: Supramalleolar 16, bimalleolar 47, malleolar 
with rupture of lower tibiofibular ligaments 11, trimalleolar 11, astragalus 28. 
With little difficulty, these may easily be placed in the grouping suggested by 
Ashhurst.* . For technics, the reader is referred to any standard operative 


orthopedic procedure.* 








i 
1} 
H 
Fic. 6 Panastragaloid arthrodesis for old, severe fracture 
of the ankle. 
Results are classified as follows: A 
(1) Good—stable, painless weight-bearing ; in surgical group, no support Bi 


(2) Fair—functioning foot with occasional slight discomfort; in surgical 
group, no support. 
(3) Poor—continuance of same or allied symptoms. 


SUPRAMALLEOLAR TIBIAL AND FIBULAR MALUNIONS 
Conservative treatment was used in seven cases: males five, females two; 
ages ranging from 21 to 7I years, average 42 years. Results were as follows 
Good—None. 
Fair—5; injury average, 2.8 yrs.; observed average, 6.2 yrs. 


Deviation—varus 3, valgus 1, anterior bow I. 





Poor—2; injury average, 1.5 yrs.; observed average, 2.5 yrs. 





Deviation—varus I. 
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Surgical treatment was resorted to in nine cases: males seven, females two; 


ages ranging from seven to 50 years, average 32 years. Results were as 





2 follows: 
Good—5; injury average, 1.3 yrs.; observed average, 2 yrs. 
¥ 3 osteotomies, tibia and fibula for deviation; varus 1, valgus I, an- 
x terior bow I. 
e I osteomyelitis drainage with final spontaneous panastragaloid fusion. 
" 1 triple arthrodesis for fracture os calcis with slight supramalleolar 
% varus. 
Fair—3; injury average, 1.9 yrs.; observed average, 4.2 yrs. 
I supramalleolar osteotomy and subsequent tibio-astragaloid arthro- 
desis; subsequent mild subastragaloid arthritis. 
I supramalleolar osteotomy, later mild ankle arthritis. 
I panastragaloid arthrodesis, subsequent infection; relieved; some 
Be persistent swelling of foot. 
Poor—1; amputation, midleg. 

Of the conservatively treated patients, the chief difficulty was the arthritic 
pain on prolonged use. Support of any type is only palliative and moder- 
ately efficient. The best solution in this traumatic arthritic group is the 

: arthrodesis as exemplified by the responses in the three patients treated surgi- 
‘ cally in this manner. The supramalleolar osteotomy for realignment is suc- 
, cessful only when the normal relationship between articular surfaces of the 
tibia and astragalus have not been materially changed; any evidence of 
traumatic arthritis should speak for arthrodesis. The only amputation per- 
EA formed followed severe circulatory disturbance after a supramalleolar osteotomy 
BS lor a severe valgus deformity. 
BIMALLEOLAR FRACTURE MALUNIONS 





Conservative treatment was used in 31 cases; males 16, females 15; ages 
ranging from 14 to 74 years, average 40 years. Results were as follows: 


Gor rd None. 


Fair—22: injury average, 3 yrs.; observed average, 4.1 yrs. 





. Deviations—valgus 12, varus 4 
Poor—9; injury average, 6.7 yrs.; observed average, 4.1 yrs. 


Deviations—valgus 3, varus 2. 





é Surgical treatment was resorted to in 29 cases: males 20, females nine; 


ranging from 13 to 69 years, average 37.3 years. Results were as follows: 





Good—12; injury average, 1.4 yrs.; observed average, 4 yrs. 


manipulation and case for valgus foot and ankle in a male, age 13. 
triple arthrodesis for associated fracture astragalar head and neck 


osteotomies, malleolar, with bone graft. 


i) 


— 


panastragaloid arthrodeses for pantraumatic arthritis (1 bilateral). 
osteomyelitis drainages with spontaneous panastragaloid fusion. 


w 


Fair—7; injury average, 6 yrs.; observed average 4.2 yrs. 
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1 removal chip fracture internal malleolus; subsequent arthritis. 

































2 triple arthrodeses for associated fracture astragalar neck. 


4 osteotomies, I associated reconstruction internal malleolus. 





Poor—10; injury average, 1.8 yrs.; observed average, 6.3 yrs. 


I manipulation and case for valgus foot and ankle in a male, age 69 g 

4 removal chip fractures; 3 severe arthritis; I severe osteomyelitis % 
and loss of leg. { 

I osteotomy supramalleolar for varus; arthritis increased. 4 


amputations for severe malunion, osteomyelitis and circulatory 


pay 


deficiency. 





Especially when deviation of any type was present, this malunion has dis 
turbed the normal relationship between the tibia and astragalus. The favorable 
end-results of surgical therapy are, therefore, represented by nine joint 
arthrodeses for degenerative changes. Further, three osteomyelitis drainages 
eventually led to a result equivalent to an operative arthrodesis but with 
fusion of more joints than would have been fused had reconstruction been 
performed. The inadequacy of forceful manipulations for deformity in old in 


dividuals is illustrated. 


MALLEOLAR MALUNIONS WITH RUPTURE OF LOWER 
TIBIOFIBULAR LIGAMENTS 





Conservative treatment was used in seven cases: males four, females three ; 


ages ranging from 20 to 64 years, average 42.4 years Results were as follows: 


Good—1; injury 9 yrs. old, observed 2 yrs.; brace 3 mos., complete relief; cy 
roentgenogram, mild traumatic arthritis of ankle. 
Fair—4; injury average, 1.2 yrs.; observed average, 1.3 yrs.; all in slight 


valgus. 





Poor—2; injury average, 1.1 yrs.; observed average, 1.5 yrs.; marked traumati 


arthritic changes; both in valgus. 


Surgical treatment was resorted to in four cases: males one, females three ; 


ages ranging from 29 to 55 years, average 39.7 years. Results were as follows 


Good—2; injury average, 2.2 yrs.; observed average, 6 yrs. 
I supramalleolar osteotomy for varus. 
I supramalleolar osteotomy, subsequent panastragaloid arthrodesis, fo: 
valgus. 
Fair—None. 


Poor—2; injury average, 0.9 yrs.; observed average, 1.6 yrs. 


Fibular osteotomies and forceful replacement astragalus; resulta 


marked arthritic changes. 





t 


The similarity of this group to the preceding is noted. When diastas 


of the ankle mortise is marked, simple realignment proves inadequate, join 
obliteration being necessary; if associated arthritic changes are not present 
at that time, they are certain to develop within a relatively short period of 
time. 
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TRIMALLEOLAR FRACTURE MALUNIONS 








Conservative treatment was used in five cases: males two, females three; 





ages ranging from 17 to 58 years, average 47.8 years. Results were as fol- 






lows: 































Good—1 ; injury 3 mos. old, observed 2 yrs.; brace for 3 mos. 

Fair—3; injury average, 5 mos.; observed average, 1.2 yrs.; valgus in all; 
braces necessary. 

Poor—1; injury 5 yrs. old, observed 1 yr.; marked arthritis with pain. 


Surgical treatment was resorted to in six cases: males two, females four ; 
ages ranging from 25 to 55 years, average 44.1 years. Results were as follows: 
Good—N one. 
Fair—4; injury average, 1.6 yrs.; observed average, 1.8 yrs. 
2 tibio-astragaloid fusions, later mild subastragalar arthritis. 
1 bone graft and tendo achillis lengthening, mild ankle arthritis. 
I astragalectomy, slight discomfort if too active. 
Poor—2; injury average, 9 mos.; observed average, 5 yrs 


tibio-astragaloid fusion, later severe subastragalar and midtarsal 
arthritis. 
panastragaloid fusion, later repeated for failure, later developing 


_ 


severe circulatory difficulty not responding to sympathectomy. 


Conservative treatment with brace support relieved a good portion of 
patients, doubtless because of the indirect limitation of motion. The surgical 
results are mediocre only; the fusions performed were no doubt adequate 
for the joint obliterated but the subsequent appearance of similar symptoms 
in remaining tarsal joints produced failures. Can these failures be due to 
arthrodesis, that is not sufficiently radical to remove all arthritic locations ? 


ASTRAGALUS FRACTURE 
lracture Astragalar Head.—Conservative treatment was used in six cases: 
males four, females one; ages ranging from 13 to 53 years, average 34 years. 
Results were as follows: 
Good—N one. 
Fair—3; injury average, 14 mos.; observed average, 6 mos.; arthritic complaint 
if too active on rough ground. 
Poor—3; injury average, 15 yrs.; observed average, 5 yrs.; pain in foot on any 
walking ; support necessary. 
Surgical treatment was resorted to in two cases: male one, female one; 
‘ being 20 and 24 years. Results were as follows: 
Good—2; injury average, 2 yrs.; observed average, 5.5 yrs. 
1 triple arthrodesis. 
I astragaloscaphoid arthrodesis. 
“racture Astragalar Body.—Conservative treatment was used in eight 
s: males five, females three; ages ranging from 19 to 74 years, average 
ears. Results were as follows: 
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Good—2; injury average, 4 yrs.; observed average, 1.5 yrs.; both chip fractures 
medial or lateral articular edge. 

Fair—4; injury average, 4 yrs.; observed average, 1.7 yrs.; 2 crush fractures 
1 chip fracture; 1 laterally, 1 medially. 1 associated fracture anterio: 
tibial margin. 

Poor—2; injury average, 2.7 yrs.; observed average, 3.5 yrs. Both fractures at 
junction body and neck; previously well reduced by open operation 
I poor open reduction previously with ostemyelitis. 


Operative intervention in nine cases: males seven, females two; ages 23 


to 52 years, average 35 years; showed the following results: 


injury average, 5 yrs.; observed average, 5.5 yrs.; 4 astragalectomies, 


Good 
2 supramalleolar osteotomies with ankle fusion, 1 triple arthrodesis 

Fair—1; injury 9 mos. old, observed 9 yrs.; triple arthrodesis; arthritic histor) 

Poor—1; injury 9 yrs. old, observed 8 yrs.; astragalectomy, good result for 2.5 
yrs. when arthritic changes developed 


Fracture of Stieda’s Process of Astragalus —Conservative treatment in 
se 


three cases, all males; ages seven to 34 years, average 27 years; showed the 


following results: 


Good—N one. 
Fair—1; injury 2 yrs. old, observed 6 mos.; subastragalar joint arthritis, mild 
Poor—2; injury average, I yr.; observed average, 3 yrs.; subastragalar joint 
arthritis, severe. 
Surgical treatment in one case, a male, age 18, injury 3 mos. old, observed 4 yrs., 
produced a good result following removal of the fragment. 


An obvious conclusion from all old talar fractures treated is that the surgical 
obliteration of involved joints produced the best results. The good result 
following removal of the posterior process chip fracture may be explained on 
the basis of early intervention. Considerable argument arises relative io 
choice between astragalectomy and arthrodesis for body fractures; a sane 
attitude is the choice of panastragaloid fusion if blood supply is adequate 
otherwise total removal of the astragalus rather than partial removal should 


follow. 


CONCLUSIONS 


(1) A large number of ankle malunions respond to conservative methods, 
as modeled insoles, brace supports and physiotherapy. 

(2) When the relationship of tibial and astragalar joint surfaces has 
been undisturbed, even in the face of deviation above the joint, conservativ: 
operation, as an osteotomy, aimed at realignment and carefully performed in 
the supramalleolar region, serves as an efficient procedure; should this rel: 
tionship be altered, the same procedure is doomed to failure, as the pain due | 
arthritic changes will continue or will appear at some subsequent time; th 
type of disorder responds only to a joint arthrodesis. 

(3) Early arthrodesis is indicated in any ankle fracture in which t! 
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joint surfaces show incomplete reduction ; a subsequent arthrodesis is in order 


for any malunion which has not responded to a more conservative procedure. 
(4) In reconstructing an ankle malunion, it is better to arthrodese all 
joints with suspicious arthritic changes even though a panastragaloid fusion 
follows ; this prevents possible continuation of pain due to arthritic changes in 
previously unsuspected joints ; function of such a fused foot is efficient, stable, 
and painless, as the ten to 15 degree equinus is compensated for by the ordi- 
nary shoe heel. 
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BRIEF COMMUNICATIONS 
AND CASE REPORTS 


HERNIA THROUGH THE TRANSVERSE MESOCOLON 
AND THE GASTROCOLIC OMENTUM* 


REPORT OF A CASE FOLLOWING POSTERIOR GASTROJEJUNOSTOMY 


Haroip J. SHettey, M.D. 
New York, N. Y. 
FROM THE SURGICAL SERVICE AND GASTRO-INTESTINAL CLINIC, ST. LUKE'S HOSPITAL, NEW YORK CITY, N. Y¥ 

HERNIATION of the small intestine through the transverse mesocolon into 
the lesser peritoneal sac was evidently a fairly common occurrence early in 
the history of posterior gastro-enterostomy. This is indicated, not by their 
frequent reports in the literature of that period, but by the fact that in such 
a large proportion of the descriptions of the technic of the operation one is 
cautioned to close the opening in the transverse mesocolon as, otherwise, this 
accident so frequently occurs. In a search for reports of this type of hernia, 
only two were found. Moynihan,! in 1912, in his book on duodenal ulcer, 
described two cases: both were herniae of the small intestine into the lesser 
sac. One patient died; the other survived, following operative reduction of 
the hernia. 

Intra-abdominal herniae of the small intestine passing behind the afferent 
loop of jejunum have been reported 15 or more times. Hernia of the small 
intestine through a congenital opening in the transverse mesocolon (or 
through an opening produced in some manner not associated with any opera 
tion) has been reported one or more times nearly every year for the past 
several years. 

Case Report.—Hosp. No. 118-289: M. M., white, male, age 38, was admitted to St 
Luke’s Hospital October 5, 1936. Ten months previously, because of pain in the right 
epigastrium, nausea and vomiting and a pyloric stenosis, demonstrated by fluoroscopic 
examination, a posterior gastrojejunostomy had been performed at another hospital 
For the first two months following this operation the patient was on ambulatory medical 
ulcer treatment and remained free from symptoms. One month after he returned to 
an unrestricted diet, he began to notice a pain similar to that which he had had before 
the operation, but which was now situated just above and to the left of the umbilicus 
He had attacks of nausea but did not vomit. The pain was of a dull, gnawing character, 
fairly constant, did not radiate, and was not relieved by alkalis. At times it was partially 
relieved by food and at other times aggravated. His stools were in the majority black, 
but not described as tarry. In the St. Luke’s Hospital, Gastro-Intestinal Clinic, he had 
been placed on an ambulatory ulcer treatment without relief. 

Physical Examination—The patient was poorly nourished, but otherwise negati' 
except for a well healed transverse, upper, midabdominal scar and tenderness to pr 
sure immediately above and to the left of the umbilicus. 


* Presented before the Surgical Section of the New York Academy of Medicit 


December 3, 1937. Submitted for publication, June 6, 1938. 
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Laboratory Data.—An alcohol test meal showed free hydrochloric acid 18, total 





icidity 38. Guaiac examination of the stool for occult blood was negative on four occa- 





ons. The blood Wassermann test was negative 
Roentgenologic Examination.—A marked irregularity was demonstrated and tender- 


ss elicited at the site of the gastrojejunostomy stoma, which at first appearance sug- 
gested new growth about the stoma, but also one that might well have been produced 
by a marginal ulcer and spasm. There was essentially no emptying through the pylorus 
(Fig. 1). 


Treatment.—An 18-day medical ulcer regimen, with the patient in bed, gave relief 





from the pain, although a subsequent gastro-intestinal series still showed some spasm 


of the gastrojejunostomy stoma 


“ 











Fic. 1.—Roentgenogram of a gastro-intestinal Fic. 2,—Roentgenogram of a gastro-intestinal 
series taken on October 6, 1936. There is prac series taken on May 27, 1937 There is stil 
tically no emptying through the pylorus. The fill practically no emptying through the pylorus. Th« 
ng defect about the gastrojejunostomy stoma can dilated loops of small intestine can be seen 
be readily seen Some of these lie up against the greater curva 

ture of the stomach. The large filling defect 
ibout the stoma is no longer present. 

He was then discharged to the Gastro-Intestinal Clinic, where he was cared for 
during the following seven months’ period. Within six weeks of his discharge from the 
tal, while on an hyperacidity diet and alkalis after his meals, the symptoms recurred 
( tly as before admission. Pain and nausea were again present without vomiting or 

i stools. Ambulatory medical treatment gave no relief. Taking food in any form 
ivated the pain, which after a few weeks became practically constant. 
in May 24, 1937, he was readmitted to the hospital. Three days later a gastro- 
fe intestinal series showed tenderness and spasm at the site of the gastrojejunostomy stoma, 
still practically no emptying through the pylorus. The loops of small intestine 
v moderately dilated and some of these loops were situated as high as the greater 
c ture of the stomach (Fig. 2). On a medical ulcer regimen, in bed, he was relieved 
pain, but as soon as he was placed on a convalescent ulcer diet and permitted out 
1, the pain recurred. This management was tried three times more, each time 
Vi he same result. 
ten occasions, in the three months of treatment, the stools were positive for 
; 


vith the guaiac test, the remaining tests having been negative. An alcohol test 
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meal gave free hydrochloric acid 14, total acidity 39. Preoperative Diagnosis: Margin: 
ulcer and pyloric stenosis. 
Operation and Operative Pathology.—August 16, 1937: Under ether anesthesia, 
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Fic. 3.—-A semidiagrammatic sketch of the condition which 
presented upon opening the abdomen. The gastrojejunostomy can 
be seen. The transverse colon and great omentum are covered by 
loops of small intestine. The component parts of the gastro 


jejunostomy and the loops of small intestine are herniated through 
the opening in the transverse mesocolon. 
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Fic. 4.—A semidiagrammatic sketch of the conditions as they 

were found upon turning up the great omentum, the transverse colon 

and the loops of small intestine which lay in front of these two 

structures. The small amount of ileum which lay in a relatively 

normal location can be seen. 
upper left rectus incision disclosed numerous adhesions throughout the upper abdon 
When these were freed, the site of the gastro-enterostomy presented, and at first appea d 
to be of the anterior type. The transverse colon and the greater omentum were entirc!y 
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Fic. 5.—A diagrammatic 
at operation. 
section. Naturally some parts 
proportion. The relation of the 
in the abdomen can be readily 
colic omentum is shown much 
the other 
structures passed through it. 
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6.—Roentgenogram of a gastro-'ntestinal 


se taken on September 1937, four weeks 
tive. The stomach with normal peri 
vaves and normal emptying through a 
rregular cap can be seen. 


13, 
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Fic. 7.—Roentgenogram also. taken 
weeks postoperative. The normal distance betwecn 
the loops of small intestine and the greater curva 
f The loops ot 


ture of the stomach can be noted. es 

small intestine are no longer dilated. The stom 
ach emptied completely within normal Iimits of 
time. 
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covered by loops of small intestine (Fig. 3). Upon further examination, it becam 
evident that the entire small intestine from the gastrojejunostomy, which was actual! 
of the posterior short loop type, to within four inches of the ileocecal valve (and includ 


ing the component parts of the gastrojejunostomy) was herniated through an opening i 
the transverse mesocolon, across the lesser sac and through an opening in the gastrocoli 
omentum (Figs. 4 and 5). The two openings each admitted three fingers. The gastr: 
jejunostomy: stoma admitted two fingers readily and about it was only moderate indura 
tion. The pylorus would not admit the tip of a finger, being stenosed by the scar of 
a well healed ulcer. The loops of small intestine were dilated and their walls hyper 
trophied, being two to three times the normal thickness. 

The small intestine and the gastrojejunostomy were reduced through the openings 
in the gastrocolic omentum and the transverse mesocolon. The gastrojejunostomy was 
taken down, including an excision of the entire margin of the stoma. This area was 
indurated but not ulcerated. A piece of linen suture about one inch long was found in 
one portion of this margin. The openings in the stomach and the jejunum were then 
closed, as were those in the transverse mesocolon and the gastrocolic omentum. A Horsley 
pyloroplasty was then performed. Subtotal resection of the stomach was not performed 
because of the low acidity, the fact that the ulcer was well healed, and in addition because 
it was felt that the hernia had been the sole cause of the patient’s symptoms. 

Postoperative Course-—Convalescence was complicated by a mild bronchopneumonia, 
but throughout the stay in the hospital, following the operation, he had no abdominal 
symptoms. On September 13, 1037, four weeks postoperative, a gastro-intestinal series 


r areas of tenderness or spasm 


(Figs. 6 and 7). There was some deformity in the region of the pylorus due to the 


showed a normally active stomach without retention « 


pyloroplasty. 

He was discharged from the hospital September 17, 1037, at which time he was 
entirely free from symptoms. When last seen (nine and one-half months postoperative), 
he was still on a hyperacidity diet. His weight had increased 25 pounds over what 
he weighed before the operation. He had remained completely symptom-free. The scar 
was firm and well healed. 

Discussion.—A case of hernia through the transverse mesocolon and 
the gastrocolic omentum is presented. This hernia developed after a posterior 
short loop gastrojejunostomy had been performed at another hospital. Ap- 
parently the edges of the opening in the transverse mesocolon had not been 
sutured either to the stomach or the jejunum at the time of the. original 
operation. A hernia of some of the loops of small intestine into the lesser 
sac is the expected outcome under these circumstances. That the herniated 
intestine extended across the lesser sac and through a hole in the gastrocolic 
omentum would appear to be a rather unexpected complication. Two pos- 
sible explanations are suggested for this development: (1) The lesser sac 
may have become so greatly distended with loops of small intestine that the 
rupture of the gastrocolic omentum was spontaneous; or (2) the opening 
may have been the result of the operative procedure. It may have been 
opened accidentally and not sutured, or the type of gastrojejunostomy de- 
scribed by the Mayos, in 1905, in which the transverse mesocolon is opened, 
may have been performed without subsequent adequate closure about the 
distal end of the gastrojejunostomy. 

The symptoms and roentgenologic findings can be readily explained on 
the basis of the pathology found at the operation. The relief from symptoms 
460 













Monee PSs 














ary i aga . 








Volume 110 MELANOSIS COLI 


Number 3 


with the patient in bed, which at the time was attributed to the diet and 
medication to a great degree, was actually due to the relieving of the pull 
against the edges of the holes in the gastrocolic omentum and the transverse 
mesocolon by the weight of the loops of small intestines and their contents. 
Each time the patient was put to bed, the pain disappeared, and each time he 
was permitted up, the pain recurred. 

The filling defect, spasm and tenderness found in the first gastro-intestinal 
series (Fig. 1) can be explained by the supposition that a loop of small intes- 
tine was partially wrapped around the gastrojejunostomy. The later pic- 
tures showing the dilated loops of small intestine and these loops lying high 
up against the greater curvature of the stomach presented exactly the con- 
dition found upon opening the abdomen. Had the condition which was found 
at operation been considered preoperatively, the story of recurrence of pain 
each time the patient resumed the erect position for any length of time, taken 
together with the roentgenologic findings, should have made a correct diag 
nosis possible. Simultaneous clysma and gastro-intestinal series, with the 
films taken laterally or obliquely, would have probably shown the condition 
very plainly; particularly so if stereoscopic films had been made. 

This case report bears out the statement that is so often made in the 
description of the technic of posterior gastrojejunostomy, that the edges of 
the opening in the transverse mesocolon must be closed about the stomach 
or the gastrojejunostomy suture line in order to avoid herniation into the 
lesser peritoneal sac. That this condition is not seen frequently is undoubt- 
edly due to the fact that this step in the operation of posterior gastrojejunos- 


tomy is practically always carried out. 
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MELANOSIS COLI 
AN ATTEMPT AT ITS EXPERIMENTAL PRODUCTION 
BY REPEATED ADMINISTRATION OF CASCARA SAGRADA 
WarrEN C. Corwin, M.D. 
FELLOW IN EXPERIMENTAL SURGERY, THE MAYO FOUNDATION 
Rocuester, MInn. 

\ARTLE! apparently was the first to refer to a possible relationship be- 
tween the cascara habit and melanosis coli. Bockus, Willard and Bank,? in 
1933, reviewed the opinions of the various authors on the anthracene purga- 
tives, all of which are said to act largely on the colon, and stated that in every 
one of their cases of melanosis, in which a history of taking laxatives could 
be obtained, cascara or some other member of that family of laxatives had 
bee: taken daily for long periods just previous to the finding of the colonic 

bmitted for publication June 25, 1938. 
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pigmentation. They concluded that “the anthracene laxatives either contain 
a pigment or elaborate one within the colon which is phagocytized by th 
deep mucosal cells causing melanosis.” In 1935, Zobel and Susnow® observe 
melanosis coli in seven of 200 consecutive persons who underwent sigmoido 
scopic examinations, and reported that the chief, apparent, causative factors 
were chronic constipation and the use of anthracene laxatives over a long 


$ 


period. Quite the same view is held by Buie,* who, in 1937, reported on a 


group of 571 patients who had melanotic deposits in the colonic mucous mem 
brane. “When it is considered,” he stated, “that practically all patients who 
have melanosis coli are constipated, the likelihood that colonic stasis and 
its effect on the metabolism of foods may play significant roles in the pro 
duction of this condition becomes impressive. However, when it is recalled 
that more than 95 pei cent of persons who are constipated, many of whom are 
not in the habit of taking cascara, show no signs of melanosis of the colon, 
one leans more to the belief that this drug, or one of its constituents, or one 
of its effects, is of significance as a causative factor.” 

Experimental Investigation—lIn order to study the effect of the in 
gestion of cascara on the development of pigmentation in the large bowel, 
three dogs, weighing approximately 15 Kg. each, were given relatively large 
doses of this drug over a period of one year with a single period of rest of 
three weeks. Each dog was given 15 cc. of the fluidextract of cascara 
sagrada, before feeding, six days of each week. On the seventh day the dog 
received neither the drug nor food. The amount of cascara administered 
daily would correspond to a dose of two and one-half fluid ounces (75 cc.) 
given to a man weighing 165 pounds (75 Kg.). It was given in capsules 
of a capacity of 5 cc. During the study the four following diets were em- 
ployed for periods of approximately three months each : 

(1) A mixed diet, consisting of 35 per cent horse meat, 35 per cent 
cracker meal, 5 per cent bone ash, 10 per cent lard, and 15 per cent cooked 
tomatoes. 

(2) A high fat diet, consisting of 25 per cent horse meat, 25: per cent 
cracker meal, 5 per cent bone ash, 30 per cent lard, and 15 per cent cooked 
tomatoes. 

(3) A commercial canned dog food (Pard), with approximately 5 per 
cent of bone ash added. 

(4) A mixed diet consisting of dog biscuits, alternating with a mash 
made of ground horse meat, corn meal, oat meal, and bone ash. 

Because of the apparent relationship between constipation and melanosis 
coli, so frequently alluded to in the writings of clinicians, an effort was made 
to keep the dogs of this study more or less constipated. It will be noted 
that in each instance bone ash was present in the diet. The amounts stated 
above were nearly always sufficient to keep the stools well formed and at times 
even scybalous. On two or three occasions diarrhea did appear but this was 
always easily brought under control by increasing temporarily the amou of 


bone ash in the diet. 


462 












ate ngaionti hl Sisal 














’ 

















LR 2 NE 





aaa 


ee a 








oa 


ume 110 MELANOSIS COLI 


Number 3 

The condition of the mucosa of the large bowel was kept under surveil- 
lance by proctoscopic examination once every two weeks or so. Short ether 
anesthesia gave such excellent relaxation that it was always employed. Owing 
to the anatomy of the dog’s colon, with its long mesentery, practically the 
entire colon could be visualized by means of an ordinary 24 cm. proctoscope. 
\s is the case with human beings, repeated enemata of warm water before 
proctoscopy greatly facilitated the examination. A total of 19 proctoscopic 
examinations were made on each dog during the 12 months of the experi- 
ment. At no time were abnormalities detected. The mucosa in each instance 
retained its normal color and luster. At the end of the experimental period, 
two of the dogs were killed and postmortem examinations were made. There 
was no evidence of colonic pigmentation, either grossly or microscopically. 

Discussion—Melanosis coli is a nondetrimental, pathologic disorder 
grossly recognizable in probably somewhat more than 1 per cent of all people.° 
There is considerable diversity of opinion as to the exact nature of the pig- 
ment involved. Recent writers on the subject are inclined to believe that the 
etiology of the condition is in some way connected with chronic constipation 
and the cascara habit. The investigations reported in this paper were carried 
out on dogs, and it must be borne in mind that the differences in anatomic 
arrangement and relative length of the colon of man and of the colon of the 
dog may be associated with physiologic differences. It may be concluded, 
from these investigations that in dogs which are prevented from having diar- 
rhea by feeding bone ash, ingestion of large amounts of cascara over a long 
period of time is not sufficient in itself to produce pigmentation of the mucosa 
of the colon. This would indicate that other factors are at work in the 
genesis of this lesion. It may be, as has been suggested by Hurst,’ that the 
chief factor in the etiology of melanosis coli is the artificial diarrhea produced 
by aperients taken on account of constipation or the fear of constipation. 
\ccording to this idea, the aromatic protein disintegration products resulting 
from the diarrhea are absorbed by the mucous membrane of the colon and 
are there converted into pigment.. In an attempt to affirm this statement 
experimentally, diarrhea artificially produced by means of daily catharsis 


should be maintained in dogs over long periods of time. 


SUMMARY 
'hree dogs, each of which received 15 cc. of fluidextract of cascara 


sagrada 294 days in one year, failed to show any evidence of melanosis coli. 
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EVISCERATION CAUSING RUPTURE OF JEJUNUM 
CASE REPORT 


Joun R. Ornvorrr, M.D., ann Harry E. Mock, M.D. 
CuicaGo, IL 


FROM THE ““C’’ SURGICAL SERVICE OF ST, LUKE'S HOSPITAL, CHICAGO, ILI 


ABDOMINAL wound dehiscence occurs in approximately 1 to 2 per cent 
of cases. Glenn! has reported an incidence of 0.67 per cent wound dehiscence 
in cases operated upon where the pathology was nonmalignant, and 1.20 
per cent where malignancy was present. Dehiscence may be of varying 
degree, from simple peritoneal separation to the extreme of complete dis 
ruption with evisceration. 

Rupture of small intestine is a frequent accident. It is often complete, 
and occurs following various traumata, with or without penetration of the 
skin. However, an instance of dehiscence and evisceration causing com 
plete rupture of intestine is a rare coincident. 

Muscular effort can result in rupture of intestine. Wilensky and Kauf- 
man* have collected 43 cases where rupture of intestine followed strenuous 
muscular effort. In at least 33 of these a hernia was present, which they 
believe acted as a predisposing factor, perhaps furnishing a recess into which 
the antimesenteric border was forced and ruptured. Mage* recently reported 
an instance of severe muscular exertion, 102 days postoperatively, causing 
a 2.5x5 cm. rupture in the wall of a segment of ileum adherent in the scar 
of a cholecystectomy wound. 

Case Report.—E. T., white, male, age 58, was admitted to St. Luke’s Hospital, 
Chicago, June 9, 1937, with a history of 30 pounds weight loss, and symptoms suggesting 
a carcinoma of the colon. Barium clysma showed partial obstruction at the splenic 
flexure. The Wassermann test was negative. After a prophylactic blood transfusion, a 
preliminary cecostomy was constructed. Twelve days later the abdomen was explored 
through a left midrectus incision. A carcinoma was found at the splenic flexure. It was 
moderately fixed, but operable. However, the liver was found studded with innumerable 


hard, apparently metastatic nodules. The incision was closed in anatomic layers, using 


plain and chromic catgut without a drain. The bowel had not been penetrated, and no 
biopsy had been taken. 

Postoperative Course-—Convalescence was uneventful except for a small stitch ab- 
scess in the middle of the wound which suppurated a very small amount until the eleventh 
day. The cecostomy functioned satisfactorily. A many tailed bandage was in place 


constantly. 


Submitted for publication September 23, 1038. 
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On the thirteenth postoperative day the sutures were removed. The next morning, 
the fourteenth postoperative day, 12 hours after removal of sutures, the patient turned on 
his side. He related that a slight breeze seemed to chill the perspiration on the back of 
his neck. Immediately he was aware of the onset of a desire to sneeze. Although he 
protected his wound region with both hands, as he sneezed he felt it give way, be- 
ginning at the upper end. He experienced no pain. He stated that he believed the 
separation involved only the upper three-fourths of the wound. 


Fic. 1 Appearance of wound one and one-half hours after complete 
evisceration, The intestine has been replaced, and wound separation com 
pleted in lower angle for better exposure. The ruptured jejunum may 
be seen in the middle of the wound, and adherent omentum in the upper 
angle. 


Operation.—The cecostomy tube was found intact. On removing the dressings, ap- 
imately 70 cm. of small intestine was found lying on the skin of the abdominal wall, 
the separation was over the upper three-fourths of the wound’s length, as the patient 


thought. When the coils of intestine were replaced the ruptured jejunum was visible. 


1). At the middle of the wound, on opposite sides, about the level of the umbilicus, 
pen stomata of small intestine were seen. Each was firmly adherent to the parietal 
neum and directly faced each other. Leading from each stoma a segment of intes- 
extended laterally, and for about 10 cm. was very firmly adherent to the ventral 
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parietal peritoneum. The plane of each stoma was exactly at the border of the woun 
margin, and perpendicular to the lumen, the edges were smooth, as if made by scalpel 
The loop was determined to be jejunum. Omentum was moderately firmly adherent it 
the upper third of the wound to the level of the subcutaneous tissue. The carcinoma of 
the splenic flexure had increased in size since the exploration. 

The jejunum was mobilized sufficiently to permit construction of an end-to-end 
anastomosis. The wound was again closed in anatomic layers using plain and chromic 
catgut, braided silk retention sutures, and black silk in the skin. No drains were placed 

Convalescence following the secondary closure was uneventful, and the patient was 
discharged with the wound firmly healed, though by second intention in its middle third. 


CoMMENT.—Evidently, an unusual mechanical accident had occurred 
The loop of jejunum had become so firmly adherent, transversely, to the 
ventral parietal peritoneum under the wound that on the instant of wound 
separation it ruptured, tearing cleanly across, as if incised. 

An early partial dehiscence had apparently occurred, as the omentum was 
moderately firmly adherent to the subcutaneous tissue in the upper third of 
the wound. The peritoneum had separated earlier, and the omentum for 
some time had been lying superficially. 

The subcutaneous position of the omentum recalls the belief of Free 
man* that in many instances the primary cause of dehiscence is a closure 
of the peritoneum, through gaps in which omentum forces itself, and in 
swelling acts as an expanding wedge that forces the tissues apart, preventing 
proper union. 
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PARATYPHOID FEVER COMPLICATED BY RUPTURED 
APPENDICITIS 


Sruart Zen Hawkes, M.D., M.Sc.D. 
Newark, N. J. 

Typuorp and paratyphoid fevers are known to attack the lymphoid tissue 
(Peyer’s patches) of the small intestine, often causing perforation by ulcera 
tion. Such a complication is not infrequent in either of these fevers, although 
it is more common with typhoid fever. In the appendix these same ly: 
phoid accumulations are present, being more pronounced in children ai 
young adults, usually becoming more atrophic as the individual becon 
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PARATYPHOID FEVER AND APPENDICITIS 





der. Although this is the case, appendiceal perforation associated with 
hese fevers occurs much less frequently than it does in the ileum. Osler,! 
n speaking of perforation, quotes McKenzie’s collection of 265 cases in 
which the appendix was perforated nine times. It seems strange that it 
loes not occur more often. 

Boyd* states that in typhoid fever the lymphoid tissue of the appendix 
may show the infiltration with endothelial cells which is such a characteristic 
change in the ileum. Cope,® in discussing the differential diagnosis between 
appendicitis and typhoid fever, believes that typhoid fever is occasionally 
mistaken for appendicitis because of the abdominal pain and tenderness 
which are sometimes localized in the right iliac fossa. He also states that a 
true typhoid appendicitis is sometimes seen, and cites a case upon which 
he operated and in which the symptoms of a true typhoid appendicitis initiated 
the illness. MacCallum? states that a similar process of ulceration as is seen 
in the Peyer's patches of the ileum takes place in the colon and also in the 
vermiform appendix, and that it is not uncommon to have a perforation in 
the base of an ulcer in the latter situation. Sloan’ states that true acute 
appendicitis is a recognized complication in typhoid fever aside from the 
incidental involvement of the lymphoid tissue of the appendix early in the 
disease. The appendicular pain associated with the swelling and ulceration 
of the lymphoid tissue in the appendix during the early stages of typhoid 
is not infrequently diagnosed as appendicitis. 

It would seem, then, that in association with typhoid or paratyphoid fever, 
there occurs an involvement of the lymphoid tissue of the appendix as well 
as the lymphoid tissue of the small bowel. The right lower quadrant pain 
which is mentioned in the classic description of the disease may then be 
sigis directly referable to pathologic changes occurring in the appendix. If 
the pathology is marked, the process in the appendix may cause acute in- 
Hammation or perforation, just as it occurs with other organisms. 

\Ithough it has been shown that the appendix is apparently quite often 
involved in the disease process, as well as other parts of the small intestine, 
a study of the literature reveals very few case reports of acute appendicitis 
complicating the disease. Widal,® in 1913, cited such a case occurring on 
the sixth day of the general infection in a girl, age 13. The infecting organ- 
ism was a paratyphoid B. He states that a paratyphoid infection is not a 
contraindication to intervention. Parsons,’ in 1927, made a careful study 
of the literature in reporting a case of typhoid fever complicated by a per- 
forated appendix in a male, age 25. In this case there was also a perfora- 
tion of the ileum. The patient recovered. In his study of the literature 
he collected 30 cases due to typhoid fever, the first case being reported 
by Sands in 1857. He believed that when definite appendicitis occurs in 
typhoid fever the mortality will be lowered by removing the appendix. It 
is interesting to note that until about 10 years ago, all the cases reported 
complicated infections with the typhoid bacillus, except the one case re- 
ported by Widal. However, in reviewing the literature for the past 10 
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years, all the cases reported, except five, associate the acute appendicitis 
with the paratyphoid organism. 

Wilde® reported a case in 1930, similar to the case reported here, in 
which a diagnosis of acute appendicitis was made and the operation per 
formed before complicating paratyphoid fever was recognized. The opera 
tion was followed by a febrile reaction on the third day, which proved to 
be of paratyphoid origin. Bernstein,® in the same year, reported a girl, ag 
14, who was admitted with typhoid fever. She developed signs of acut 
appendicitis on the thirteenth day of the disease. A perforated gangrenous 
appendix was removed 11 days later, after conservative treatment was em 
ployed. A culture of the pus from the peritoneal cavity was negative for 
typhoid organisms. Rosenthal’? reported, also in 1930, the case of a child, 
age 14, who had been ill for two days with symptoms of appendiceal colic. 
At operation, the appendix was found to be acutely inflamed. A number 
of swollen patches in the small intestine were found and they suspected a 
possible typhoid infection. The organism isolated was a paratyphoid B. 
In 1931, Rose’ reported the case of a girl, age 12, with acute appendicitis 
who was operated upon and who was later proven to be suffering from para 
typhoid B fever as well. The symptoms of appendicitis occurred on the 
third day of her illness. Muller,'* in 1933, reported a case of a girl, age 16, 
who had nausea, vomiting, and severe diarrhea. She was observed for 
three days and then operated upon because of signs of acute appendicitis. 
At operation, a perforated appendix was found. She had a positive stool 
culture for paratyphoid “Breslau.” He makes the statement that it was a 
good thing for the patient that the stool culture was not known until after 
the operation or it might not have been performed, indicating that they might 
have attributed all the symptoms to paratyphoid fever. 

In 1934, Mayer!® summarized the foreign literature on “paratyphoid ap 
pendicitis.”” He believed that the organism was often harbored in the appen 
dix, in the same manner as the typhoid organism is harbored in the gall 
bladder. He subdivided the cases into three classes: (1) Those in. which 
there was a local disease of the appendix with no other gastro-intestinal 
lesions or generalized illness; (2) those in which the appendiceal signs oc 
curred at the beginning of an illness and initiated the first signs of a para- 
typhoid infection; (3) those in which the general symptoms occurred first 
and somewhere in the course of the disease the patient began to complain 
of pain localizing in the right lower quadrant. He collected cases from the 
literature to illustrate these three different groups. He also states that 
paratyphoid organism is often found in the gastro-intestinal tract of nor 
people in good health. He quotes Wolfson who made a careful study 
28 appendices, in five of which paratyphoid organisms were found in the 
wall of the appendix, although the urine, blood, and stool of the patient wé 
free of organisms. This paper gives an excellent review of the different 
opinions on the subject and summarizes many of the cases reported in | 
foreign literature. 
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Ramm!* summarized 349 autopsies of cases dying of typhoid fever. Three 
{ these had perforated appendices. In his own experience he had operated 
upon four suspected cases, but involvement of the appendix was found in 
only one of these. In this case cultures showed both a typhoid and _ para- 
typhoid organism. 

In 1937, Massabuau’® cited three cases which he had observed, one, in 
a female, age 34, who had great distention of the abdomen with signs over 
McBurney’s point. She was operated upon four days later and a subacute 
appendix was found with hyperplastic lymph follicles. The patient died. 
The second case was a girl, age 19, who had been sick for three or four 
days with severe diarrhea. Because of the extreme condition of the patient 
she was not operated upon, and died on the fourth day of the disease. The 
last case was that of a girl, age 22, who had been sick for three days with 
pain in the right lumbar region, nausea and vomiting. She had acute tender- 
ness over McBurney’s point, with tenderness in the right fornix upon vaginal 
examination. She was operated upon the day of admission. A subacute 
appendix was found. All these cases occurred in the course of severe typhoid 
fever. 

Although a study of the mortality from typhoid fever in this country'® 
shows that by rigid health regulations and education the disease is being 
better controlled each year, we will still have to consider this complication. 
There seem to be no current statistics on paratyphoid fever, but presumably 
the ratio incidence follows that of typhoid fever. Nevertheless, because of 
the greater number of cases of appendicitis complicating paratyphoid fever 
reported in the past 10 years, it is a question whether the paratyphoid organ- 
ism is less well controlled or whether the cultural differences were not classi- 
fed in the earlier reported cases. Whatever the answer may be, it is certain 
that the complication of acute appendicitis must be borne in mind in the 
course of both these fevers, as some of the mortality is probably due to ap- 
pendiceal involvement. In the case herewith reported, an infection by one 
of the typhoid group was not suspected until cultural studies were reported 
by the laboratory. , 

Case Report.—E. W., male, age 23, was first seen April 27, 1938, complaining of 

lache and pain in the abdomen around the umbillicus, which had developed three or 

hours earlier while at work. He had not vomited or felt nauseated. Previous his- 
was entirely negative except for several attacks of sore throat during the past year 

i tonsillectomy several months ago. He had not been out of the city limits for over 

ir. On examination, his temperature was 100° F., pulse 90, respiration 20. General 
( ination was negative except for the abdomen. There was some tenderness in the 
left upper quadrant which was not marked. Otherwise the abdomen failed to show any 

zing signs. Rectal examination was negative. The diagnosis of appendicitis was 
cted but was not warranted in view of the lack of signs. He was advised to stay 
| and restrict his diet to liquids. During the night the pain became more severe 
is abdomen became distended. He vomited once during the night. He had a severe 
he and had several attacks of diarrhea. When seen the next day, about 24 hours 
the start of his illness, he had very definite signs of acute inflammation in the 
r lower quadrant. The temperature was 102° F., pulse 124, respiration 26. There 


469 





STUART ZEH HAWKES Ann :1s of Surgery 

September, ly 
was rigidity of the muscle wall, together with direct and rebound tenderness in the right 
lower quadrant. Immediate operation was advised. He was transferred to the Presby 
terian Hospital, Newark, N. J. 

Operation.—The peritoneal cavity was opened through a McBurney incision, and dis 
closed a cloudy, milky, odorless fluid which did not seem typical of either a colon o1 
Streptococcus infection. A culture was taken. The appendix was bulbous, covered wit! 
fibrin, wrapped in omentum, and showed a definite perforation at its base. It wa 
removed and the stump inverted. Two Penrose drains were inserted through a stal 
wound, one being placed in the right coloparietal space, the other over the brim of th 
pelvis. The abdomen was closed in layers, three silkworm gut tension sutures being 
inserted. The skin was approximated with clips after placing one rubber dam drai 
beneath the fascia. He left the operating room in good condition. He was given salin 
with glucose (5 per cent) solution intravenously every six hours. He was placed on his 
right side to promote drainage. 

Postoperative Course—The abdomen became distended almost immediately afte 
operation. He complained of nausea. Duodenal suction drainage through a Levin tub 
was started, but it did not relieve the distention satisfactorily. The next day the abdomen 
was somewhat softer but still markedly distended. There was no rigidity or localized 
tenderness. He had no vomiting and was passing flatus at intervals. His temperatur 
continued to rise to 103.6° F. on the third day after operation, and then dropped to about 
the preoperative level. His condition seemed fair, although he was weak and listless 
with many complaints. Following a small transfusion on the third day after operation, 
his condition seemed improved. The wound was discharging thin, serous fluid. During 
the next two or three days his temperature dropped slightly to 100° F., although his 
abdomen remained very distended, and he complained of severe “gas pains.’ In spite of 
Levin tube drainage and low glycerine enemata, the distention seemed not at all con 
trolled. Continued study was made to ascertain the causes of this distention and pain, 
and he was examined carefully for signs of some localizing process. No abscess could 
be found. A report of the smear of the fluid from the abdominal cavity had shown cocci 
in pairs and chains, and gram-negative rods. Cultures showed growth of nonhemolyti 
Streptococci and a gram-negative rod which was to be subcultured. The gram-negatiy 
rod on subculture was reported to be an organism belonging to the Salmonella (para 
typhoid) group. It was then recognized that the appendicitis was part of a paratyphoid 
infection. 

On the seventh day after operation, he was fairly comfortable, his pulse had droppe 
to 70, respiration was normal, and the temperature was ranging between 100.4 
c9.4° F. Many of his complaints were less severe and it seemed that he was improvi 
gradually. The next day, however, he had an elevation of temperature with an aggrava 
tion of all his symptoms. The temperature reached 104° F. in the next 24 hours. T! 
pulse rose to 134 and the respirations to 40. The abdominal distention again becam¢ 
acute. The next morning, the ninth day after operation, a rash was seen to be appeat 
ing over his body and by that night he was covered thickly with a macular eruptio! 
The rash lasted for three days and as it disappeared his temperature and pulse rate sul 
sided slowly again over the next five or six days. At this time the operative wou 
was discharging thick greenish pus. The rectal examination was negative. On the si 
teenth day after operation he complained of pain in the right shoulder and the rig 
upper quadrant of the abdomen. The distention increased again and the liver dulness 
was apparently higher than normal. A roentgenogram taken at this time showed tl 
right diaphragm to be high and, again, a localized collection of pus was sought bel: 

the right diaphragm. His temperature rose to 103° F., pulse 120, and on success! 
days continued to “spike” each afternoon. On the twenty-eighth day he had a cl 
with a rise in temperature to 105.5° F. A needle was inserted in the right seve! 
intercostal space in the midaxillary line and introduced in several directions in an atten 
to find pus. None was obtained. His abdominal distention was still acute, and it w 
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decided that because of the marked distention of the abdomen, the liver had been pushed 
high under the right diaphragm into an abnormal position, thus accounting for the 
roentgenologic findings and the high liver dulness. He was given another small trans- 
fusion and seemed to improve following it. He was not vomiting. He was taking a soft 
diet, with extra carbohydrate feedings, well. During the next two weeks his tempera- 
ture gradually subsided. His abdominal distention remained. He was eating well and 
seemed to be gaining strength slowly. A stool culture on the thirty-third day after 
operation was positive for members of the paratyphoid B group. He was discharged 
from the hospital on the fifty-fourth day after operation, stool cultures having been 
found negative twice in the interim. 

Further laboratory data showed the urine and stool both positive. His blood culture 
was negative. He had a positive Widal for paratyphoid B. White blood counts taken 
at intervals showed the highest count to be 11,400, 52 per cent polymorphonuclear 
leukocytes, and the lowest count to be 9.100, with 67 per cent polymorphonuclear leu- 
kocytes. Microscopic examination of the appendix showed the wall to be necrotic and 
infiltrated with hemorrhage and polymorphonuclear leukocytes. Pathologic diagnosis: 
Acute gangrenous appendicitis with perforation. The urine at the beginning of his ill- 
ness showed a trace of albumen, good concentration, occasional leukocytes, no casts. 

On leaving the hospital he weighed 115 pounds. During the past two months 
he has gained 22 pounds and at present weighs 10 pounds more than his previous highest 
weight. 

A study of the stool of the members of his family for possible carriers was made, 
and it was found that his sister had a positive stool culture for a paratyphoid B organ- 
ism. At the time she had the positive culture, she was completely free from symptoms 
and was working daily. She was isolated at home by the health authorities for six 
weeks, until two negative cultures were finally obtained. During this time she had no 


symptoms referable to the disease. 
SUMMARY 


There are several points to be drawn from this case as well as from those 
reported in the literature. 

(1) The low white blood count with the low differential count might be 
misleading unless the possibility of an associated disease process is kept in 
mind. 

(2) The involvement of the appendix may apparently occur at any time 
luring the disease. When it occurs early at the beginning of the illness the 
picture 1s very confusing. 

(3) The treatment indicated is the same as that in other types of ap- 
pendicitis, viz., operation. It is as much a surgical emergency as a small 
wel perforation. 

(4) The incidence seems to be more frequent in the past few years with 
ratyphoid B organisms than with others of the typhoid group. 
(5) By bearing in mind the possibility of appendiceal involvement in the 


hoid group, some of the mortality may be eliminated. 
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ADENOCARCINOMA OF THE TRANSVERSE COLON IN A BOY 
AGE FIFTEEN * 


OPERATION AND RESULT 


CONSTANTINE J. MacGutre, Jr., M.D. 
New York, N. Y. 


Case Report.—Hosp. No. 2523-38; G. P., white, male, age 15, was admitted to 
the First Medical Division of Bellevue Hospital June 16, 1938, after having been treated 
in the Medical Clinic. He gave a history of pain in the upper abdomen upon making 
certain movements of the torso. Onset about five weeks before admission. He was not 
nauseated, had not vomited and had had no other difficulty. The pain was dull and felt 
like a muscle cramp; it was transient in character. He had no diarrhea or constipation, 
no jaundice, no tarry, clay colored or bloody stools. His bowels moved regularly night 
and morning. He had lost about 14 pounds in six months. Roentgenograms taken 1! 
the Out-Patient Department were interpreted as indicating carcinoma of the transvers 
colon 

Physical Examination—There was a hard, movable, nontender mass, about the 
size of an egg, just above and to the left of the umbilicus. The rest of the examination 
was essentially negative. 

Operation.—July 5, 1938 (C. J. MacGuire): A very hard mass was disclosed arising 
from the middle portion of the transverse colon, as large as a man’s fist. It was ai 
nular and partially obstructed the colon. It extended to, and involved the greater curva 
ture of the stomach, and a fistula had formed between the process in the colon and the 
process in the stomach. There were many enlarged, edematous and moderately hard 
lymph nodes in the greater and lesser omenta and extending back to the roots of th 
mesentery. The foramen of Winslow was closed by adhesions. 

In view of the involvement of the stomach and colon, the gastrocolic fistula ai 
the imminence of more complete obstruction in the colon, resection en masse of t 
stomach and colon was decided upon, in spite of the fact that the widespread lym 
node involvement indicated very little chance of permanent cure. 


* Presented before the New York Surgical Society, November 9, 1938. Submitt 


for publication December 28, 1938. 
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Fic. 1.—Appearance of the gastrocolic fistula from the colonic side. 


Accordingly, the distal two-thirds of the stomach and most of the transverse colon 
were excised, and the jejunum anastomosed to the open end of the stomach. The 








Fic. 2.—Appearance of the gastrocolic fistula from the stomach side. 


hepatic and splenic stumps of the colon were closed and the sigmoid brought over and 
a ymosed to the first portion of the ascending colon side-to-side. The abdominal 
W 1 was closed without drainage. 
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, ee _ “ 4 a . . 
Pathologic Examination—Doctor Bevans: The growth was a typical adenocarcinon 


of the colon, with direct extension to and with involvement of the stomach. The cel 
were growing in wild profusion with very little uniformity. The lymph nodes showe 
only a mild hyperplasia, and showed nothing suggesting malignant metastases. 

After a couple of stormy days the patient made a smooth convalescence, and k 
the hospital on the nineteenth day postoperative, the wound having healed by primar 
union, 


The case is presented mainly because of the age incidence. Carcinoma 
of the transverse colon is quite rare at the age of 15. It is shown also be 


f a side-to-side anastomosis between 


cause of the satisfactory functioning 
the sigmoid and the ascending colon. I do not think that the blind loops, 
either hepatic or splenic, will cause trouble as they drain by gravity and may 
be of some advantage in fluid absorption as there has been no diarrhea at 
any time since operation. The patient has gained 27 pounds. The prognosis 
is, of course, very uncertain. 


PRIMARY CARCINOMA OF THE COMMON BILE DUCT * 


RESECTION: END-TO-END ANASTOMOSIS 


Joun H. Garuock, M.D. 
New York, N. Y. 
FROM THE SURGICAL SERVICE, MT. SINAI HOSPITAL, N. Y. 


Case Report.—Hosp. No. 421221: H. H., female, age 53, was admitted to the 
Medical Service of the Mt. Sinai Hospital, March 10, 1938, with the history of three 
weeks previously, without any preceding symptoms, having vomited several times and 
having noted, the following day, itching of the skin, darkening of the urine, light colored 
defecations, and an increasing jaundice. One week after the onset, she experienced an 
attack of severe, cramp-like epigastric pain coming on after lunch, which lasted five 
hours. There has been no pain since then. She had never had a similar episode. She 
had lost five pounds in weight. Past and personal histories were negative. 

Physical Examination showed an active, alert, middle-aged woman who was deeply 
jaundiced. Heart, lungs and abdomen negative. There was no palpable enlargement 
of either the liver or gallbladder. The spleen was not palpable. Blood pressure 126/80. 

Laboratory Data.—Hemoglobin 99 per cent, white blood cells 6,700, polymorphonu- 
clear leukocytes 44 per cent, lymphocytes 43 per cent, monocytes 9, and esinophiles 4. 
Stool examination: Brown; guaiac negative; urobilin trace. Galactose tolerance test, 
which was repeated three times, showed an excretion of 5 Gm. Urinalysis: Specific 
gravity 1022, negative for sugar and albumen. Bile 3+. Urobilin % to 1/10. No 
tyrosine. Urea nitrogen 8, blood sugar 80, cholesterol 290, cholesterol ester 87, ict 
index 21, bilirubin 3.0. Wassermann negative, van den Bergh direct, positive. Takata 
Ara 4+. Total proteins 7.0. The sodium d-lactate test indicated liver damage. 

It was the consensus of opinion that the constant urobilin in the stool, the absé 
of hypercholesteremia, and the liver function tests all pointed toward hepatitis as 


cause of the jaundice rather than an obstruction. However, at the insistence of 


* Presented at the New York Surgical Society, November 23, 1938. Submitted 


publication January 5, 19309. 
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ittending physicians, operation was undertaken. This was performed March 24, 1938, 


‘+r two preliminary transfusions of 500 cc. of citrated blood. 
O peration.—Doctor Garlock: Under ethylene-ether anesthesia, an upper right rectus 


ncision disclosed the liver enlarged to about three fingers’ breadth below the costal 


margin. Its anterior edge was rounded. The viscus appeared normal except for a 


slightly greenish color and a faintly mottled nutmeg appearance. Duodenum and 


stomach were normal. The gallbladder was of normal consistency and partially col- 


] ipsed. 


junction with the cystic duct. 


Palpation revealed a thickening in the region of the common bile duct at its 
It was the operator’s first impression that this repre- 


sented an enlarged lymph node, but it was thought advisable to demonstrate the gross 
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Fic. 1 Diagrammatic sketch of the findings at operation. The accessory 
cystic duct is indicated. This was ligated and divided. 
ology more definitely. Accordingly, it was found necessary to dissect out the 


mon duct in this situation, There was disclosed what appeared to be a primary neo- 
m involving the common duct at the point of junction with the cystic duct. There 
no enlarged lymph nodes either visible or palpable. Because the growth seemed 
ivolve the cystic duct, utilization of the gallbladder for anastomotic purposes was out 
the question. A radical procedure was decided upon; namely, excision of a segment 
the common duct containing the tumor together with the .cystic duct and the gall- 
ler in a block dissection (Fig. 1). 
Operative Procedure-—The common duct was dissected away from the portal vein 
ir as the hilus of the liver. Above the tumor, the duct was found to be considerably 
d and thickened. Below the growth, it was collapsed and thin-walled. During 
lissection, an accessory cystic duct was demonstrated. It apparently communicated 
the right hepatic duct and was inserted into the upper aspect of the cystic duct 
(Fig. 1). This accessory duct was minute and barely admitted the end of a fine 
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probe. The gallbladder was dissected from its bed, the cystic vessels ligated and divided 
and the common duct cut across above and below the tumor, with a wide margin « 
normal duct on each side of the tumor (Fig. 2). The accessory cystic duct wa 
ligated, after an unsuccessful attempt to intubate it for purposes of external drainag 
The entire specimen was removed in one piece. The remaining segments of the commo 
duct were mobilized, and it was found that the 
could be brought together with very little tensio1 
\ T-tube was inserted and the divided duct repaire 
with interrupted sutures of fine silk. Two cigarette 
drains were placed down to Morrison’s space at 
the wound was closed in layers. 

Subsequent Course—Convalescence followin 
this procedure was uneventful except for a rise in 
temperature of unexplained origin, to 104° F., oc- 
curring on the eighteenth day. The icterus index 
dropped to 2, and the stools became brown. The 
T-tube was left in place and the patient was dis 
charged on the thirty-eighth postoperative day 
(Fig. 3). 

Pathologic Examination—Dr. Paul Klem- 
perer: Path. No. 62336. The specimen showed 
the presence of an adenocarcinoma of the con 
mon bile duct, which also involved the cystic duct 
at its entrance into the common duct (Fig. 4). 

Follow-Up.—The T-tube was removed June 2, 
1938, approximately two and one-half months after 


the operation. The sinus tract healed in a few 





days. The patient has remained well since. There 


has been no pain, jaundice, or temperature rise 


ra ats yesmar *. . om 7 . & x 
Coen Bile Sorel gs is ms Bowels are moving normally, and are of normal 
) : uct e tumor is in ; : 
dicated at X and extends into the cystic color and consistency. There has been a gain of i 
duct. The gallbladder did not contain x ‘7 
calculi. 25 pounds. 
This patient is presented for a number of reasons: First, too great reli- : 


ance should not be placed upon laboratory tests in differentiating obstructive 


jaundice from jaundice of hepatogenous origin. In this patient most of the ; 
laboratory tests indicated that the jaundice was probably due to liver damage 


rather than obstruction. Second, primary carcinoma of the common bile 





duct is a rare condition, and, more rarely, cannot be handled by radical ig 
surgery at the time the patients present themselves for treatment. Third, : 
to call attention to the fact that wide sections of the common duct may be 4 
removed and end-to-end suture performed if adequate mobilization of the : 
remaining portions of the duct is carried out. Fourth, to emphasize the fact i 
that initial repair of common duct injuries does not as a rule produce strictures E 
such as are encountered following late secondary repairs. 3 


Discussion.—Dr. SEWARD ErpMAN (New York) said, with regard 
to the immediate repair by end-to-end suture, that he recalled a case he had 
presented before the New York Surgical Society, in 1932, at a period of 
about five months after repair of a resected duct. Accidentally, at the first 





operation, 2.5 cm. of the common duct was excised, but was immediately 
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repaired by end-to-end suture over a T-tube. The patient last reported 
t the Follow-up Clinic in June, 1937, stating that he had had recurrent 
ittacks of colangitis throughout the five years, the first beginning five 
months after operation. For two years they were rather frequent, but had 
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3.—Cholangiogram following the injection lipiodol through the T-tube, demonstrating the 
continuity of the common duct and its patency into the duodenum. 


become less so. Dr. Ellsworth Eliot, in 1936, assembled a total of ap- 





proximately 180 cases in an article on the late results of injuries to the 
C ion duct and its attendant repair, and classified them according to the 
‘ 


typc of operation undertaken. The paper was read at a meeting and dis- 
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cussed by Walters, of The Mayo Clinic, who in discussing the paper, state 
that, up to then, he had had more than 4o cases. Lahey, also, stated th: 
he had seen more than 20 cases, which increased the total to 240. Despit: 
numerous operations that have been devised, many of which are very i1 
genious, the best results—and this is a qualified “best’—are obtained whx 
it is possible to effect an end-to-end suture. The attempts to bridge over ; 
duct defect with a T-shaped rubber tube or by a rubber tube left in th 


duct, and even the hepatoduodenostomies show only a few sue¢cessful cass 
that have lived 10 to 15 years. Lahey stated that he had performed 14 im 
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Fic. 4.—Carcinoma of the Common Bile Duct. Microscopic section showing the features of an 
adenocarcinoma. 
: . : ; . { 
plantations of the sinus into the stomach, using the external fistula tract, 
oo ( 
but that 12 were complete failures. In the present case presented by Doctor 
. :' ; ; I 
Garlock, the use of the end-to-end suture gives promise of a good result. ‘ 
The ordinary T-tube has the objection that when it is withdrawn, there is 4 
danger of kinking of the duct at that point or further tearing. McArthur has 4 : 
KE ( 


suggested the use of an L-shaped tube up the duct and the insertion of a 
small tube through the stem of the L which leaves the L through a hole at 
the angle and passes down into the duodenum. It is a movable tube, per- 





mitting irrigation and cleansing of the duct. In the case reported by Doctor : 
Erdman, in 1932, the T-tube was left in so long that it became necessary to g 

° . . . vA 
operate again to remove it. It had become blocked with calcium, causing a 
an obstruction, in the sense that there was a complete external biliary fis- 


tula, and no bile could pass into the intestines through the blocked tube 2 
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Dr. Cart EGcGers (New York) said that Doctor Garlock’s case was 
interesting not only from the standpoint of presenting a removable primary 
carcinoma of the extrahepatic duct system, but also from the standpoint of 
technic employed, permitting a complete suture after resection of the speci- 
men and mobilization of the common duct. Very few surgeons have a 
sufficient number of cases of this kind to draw conclusions from their own 
material, and have to be guided entirely by published results. In looking 
over the literature one finds that the lesion is encountered rather infre- 
quently. Shapiro and Lifoendahl, in 1931, reported 15 cases of tumor of 
the extrahepatic bile ducts observed at Cook County Hospital, covering 
two and one-half years’ study of autopsy material, of which three were 
benign and 12 malignant. Marshall, of The Mayo Clinic, wrote a paper on 
“Malignancy of the Extrabiliary System,” in 1932, and stated that in a series 
of 22,000 operations upon the biliary tract during a 20-year period, 53 
cases were encountered, four benign and 49 malignant. They were dis- 
tributed in various portions of the ducts, including the papilla of Vater. 
All cases were proved by pathologic examination. 

The treatment depends upon the location, as well as upon the extent of 
the growth. In the majority of the reported cases, either simple drainage 
of the duct above the obstruction was effected, or some form of anastomosis 
with the stomach or other portion of the intestine. Only rarely could a re- 
section be performed. The cases suitable for radical extirpation have been 
carcinoma of the cystic duct or of the junction of the cystic with the com- 
mon duct, or of the common duct itself. Carcinoma of the papilla of Vater 
has also been successfully removed. Doctor Garlock’s case presented one of 
these favorably situated tumors, and it was small and limited to the duct. 
It emphasizes the importance of careful search in all cases of obstructive 
jaundice, for it is conceivable that it may have easily been overlooked. Doctor 
Garlock’s resection of the gallbladder with the cystic duct and a portion of 
the common duct including the tumor and a safe portion of duct above and 
below it, has permitted him to present to us a very interesting and instruc- 
tive specimen, one which it would be difficult to duplicate. He has, in ad- 
dition to this, emphasized a point which perhaps none of us has sufficiently 
realized, that it is possible to mobilize the common duct to the degree that 
was accomplished in this case, and permit resection and later suture of the 
two ends. The radical procedure employed and the present excellent con- 
dition of the patient would seem to warrant a favorable prognosis. 
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BOOK REVIEW 


SURGICAL PATHOLOGY OF THE MOUTH AND JAWS. Bb 
ArTHUR E. Hertzver, M.D. Hertzler’s Monographs on Surgical Patholos 
1938. Philadelphia, Montreal and London: J. B. Lippincott Co. 237 pag« 
with 206 illustrations. Cloth. 


Wirth the appearance of this volume by Doctor Hertzler, the author 
pletes a series of ten monographs on surgical pathology. The preface recalls 
vividly the general tenor of his recent delightful, entertaining, and instructive 
autobiography, The Horse and Buggy Doctor. 

The term monograph is peculiarly descriptive of Doctor Hertzler’s writings, 
as it essentially describes the character of the contents of his publications, in 
that they are records of his personally observed cases. He does not refer to, 
or describe, cases or pathologic conditions which may have appeared in other 
treatises, with which he is not familiar. The references he quotes have, as he 
says, been collected for him by an efficient secretary, and he acknowledges 
that he has not read the original articles. Possibly this fact renders the present 
text all the more individual. 

Clinical data and pathologic detail encountered by a surgeon, rather than 
another specialist, are well classified and have been expounded in a competent 
and most interesting fashion. In reflecting his clinical and operating room 
experiences in a field that not infrequently merges into another specialist's 
domain, the author, as usual, emphasizes the surgeon’s self-reliability as com- 
pared with laboratory pathology. There is no mention of tumor grading for 
prognosis, although there is recourse to frozen section and usage of biopsy 
material. The detailed observations and assembled facts, together with mature 
and critical comment, well establish the worth of the volume. 

The chapters include lesions found originating from the lips, mouth and 
tongue, gums, palate, nasopharynx, larynx, and of dentigerous origin. Brevity 
in certain subjects is occasioned by a practical attitude surgically and, possibly, 
by a paucity of first-hand case material. The text is embellished with numer- 
ous illustrations, gross and microscopic, and all excellent. Many of the gross 
are notable, as pathologic states of the mouth do not lend themselves well to 
photography. 

Whether agreeing with all conclusions or complaining of brevity of subject, 
the reader will find both the clinical and pathologic data authentic and useful 
in a field that to-day is being regarded as less of the surgeon’s and more of 
the rhinolaryngologist’s or dentist’s. The book is highly recommended to 
those specialists, the pathologist, and particularly to the general surgeon. 


Irvinc M. DERBY 


CORRECTION 
In the article by Brown, James B.: The Utilization of the Temporal Muscle and 
Fascia in Facial Paralysis. ANNALS OF SURGERY, 109, 1016—1023, June, 1930, the last word 
of the seventh line, page 1021, should be temporal, not masseter. 
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